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FOREWORD 


Citations  of  commercial  organizations  and  trade  names  In  this  report 
do  not  constitute  an  official  Department  of  the  Army  endorsement  or 
approval  of  the  products  or  services  of  these  organizations. 

In  conducting  the  research  described  in  this  report,  the  investigator (s) 
adhered  to  the  "Guide  for  the  Care  and  Use  of  Laboratory  Animals," 
prepared  hy  the  Committee  on  Care  and  Use  of  Laboratory  Animals  of 
the  Institute  of  Laboratory  Animal  Resources,  National  Research  Council 
(DHEW  Publication  No.  (NIH)  78-23,  Revised  1978). 
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occasional  help  of  teohnioiaaa  la  the  Department  of  Zoology*  ' 
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i 

I  I 

The  Gambia  —  M,R«C»  Laboratories  t  Thanks  are  due  to  all  the  ;  ! 

various  technical  and  medical  staff  la  the  Gambia,  ' 

particularly  the  Director  of  the  Laboratories,  f 

Dr  r.A.  McGregor,  and  the  Medical  Officer,  Dr  David  Mabey. 
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Part  X  -  Immunity  to  Plaamc 


f ale it 


la  Man  . 


vThe  pcoowlora  for  the  continuous  cultivation,  of  the  agytteooyt io 
stages  of  Pn  falciparum  following-  the  method  of  Trager  and  Jensen 
(1976)  baa  baon  aatabllabad  in  our  laboratory.  1 

Ring  atagaa  of  P.  falciparum  in  34#  glycerol  (v/v)  in  aorbltol 
ware  snap-frozen  in  liquid  Ng.  A  similar  lave 1  of  parasite 
viability  was  obtained  after  tbe  parasite*  had  thawed  out  and  bean 
washed  with  either  decreasing  concentrations  of  aorbltol/ aallne  or 
hypertonic  aallne* 

Since  only  a  mail  amount  a  <jf  blood  were  available  from  p&tlenta 
a  procedure  for  o til  birring  P,  faloloarua  on  a  microscale  waa 
established*  Growth  and  Multiplication  of  tbs  parasites  in  vitro 
was  assessed  from  Gismsa**  stained  smears  and  incorporation,  of 
^H— iaoleuoine.  In  micro  tissue  culture  trays  P.  falciparum  grew 

slightly  better  in  RPMX  1640  and  Medium  199  containing  10>  rather 
than  3#  foetal  oalf  serum*  grew  better  in  flat-bottomed  trays  rather 

San  round— bottomed  trays  and  gave  better  Incorporation  of 

-iaoleuciae  in  Medium  199  than,  in  RPMX  1 6£i0.  The  oonditlans  were 

determined  which  allowed  satisfactory  growth  and  multlplioatlon  of 
P.  falciparum  in  individual  oulturea  of  50m» 

Vkinateen.  sera  from  non— lmmunes  showed  varying  abilities  to 
support  growth  of  P.  falciparum  in  microcultures  indicating  the 
necessity  for  adequate  controls  in  testing-  human  immune  sera  for 
ant lporas itio  activity. 

Infected  blood  from  82.  patients  woa  cry o preserved.  Thirty-four 

patients  returned  after  recovery  and  gave  usable  serum  samples  to 
teat  for  sntipoxasltio  activity,  i 
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.  Fractionation  of  immune  spleen  cells  into  T-oell  and  3— cell 
enriched  populations  and  treatment  of  these  populations  with  anti-T— 
call  antisera,  before  transfer  into  Irradiated  naive  recipients 
confirmed  a  role  for  both  T—  and  B -cells  in  immunity  to 

Injection  of  pristene  (2,  6*  10,  14— tetramethylpentadeoane) , 
emulsified  oomplete  Freund* •  adjuvant  or  eanlslfled  incomplete 
Freund's  adjuvant  lntreperitonoel  ly  into  mioe  2 -A  days  before  an. 
intraperltoneol  challenge  with  P.  voelll  or  £s_£tty2aHUk  delayed  the 
onset  of  a  patent  paras itaemla  in  the  Soe,  The  mioe  wars  not  so 
protected  if  the  challenge  infection  was  given  Intravenously,  The 
protection  in  the  mioe  was  associated  with  increased  phagocytic 
activity  by  peritoneal  maoropbagee  in  the  treated  mioe. 
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Group*  of  mice  infected  with.  p  i  "tlV^vyVi  -  wort  irradiated,  an  a 
•Ingle  occasion  with  6 00  rads  X- irradiation  between  days  3  and  37 
after  infection*  Irradiation  before  or  at  peak,  parasitaemia  did 
not  extend  the  primary  patent  parasitaemia  but  precipitated,  a. 
pr Centura  reorudescence*  Irradiation,  between,  days  10  and  17*  when 
the  patent  pern  el  fnenrl  n  was  declining-,  temporarily  halted  the 
decline  in  the  parasitaemia  and  extended  the  primary  patent 
purasitaemiat  subsequently  in  these  mice  the  recrudesoent 
piras itaemias  were  delayed*  Irradiation  after  day  21  had  no 
significant  effect  on  the  course  of  the  parasitaemia*  There  is, 
therefore,  a  radiosensitive  component  in  the  inmune  mechanisms 
leading  to “parasite  removal  operating  between  days  10  and  17  after 
infection  approximately* 

Late  trophozoites ,  schiz cents  or  meromoltes  of  P*  chabaudi  are 
the  vulnerable  stages  in  the  immune  mouse  with,  phagocytosed  parasites 
to  be  seen  in  the  liver,  spleen  and  occasionally  the  peripheral 
blood*  Experiments  involving  removal  of  the  spleen,  oanf inns  its 
important  fdle  in  the  suppression  of  P.  chabaudi  in  mice  with  patent 
parasitaemia* .  In  ado#  ■  with  an  established  immunity  which  have 

recently  had  their  immunity  boosted  by  reinfection,  removal  of  the 
apleen.  does  not  prevent  the  rapid  removal  of  a  large  challenge 
infection.  The  spleen,  therefore,  may  be  important  in  the 
synthesis  of  protective  antibody  but  the  activity  of  this  antibody 
osn  be  Independent  of  the  spleen* 

The  cross— immunity  between  p-  and  pt  'Mnffi0*-  brucechwatti 

is  dependent  an  the  spleen*  Mice  which  are  hyperimmune  to  either 
P .  chabaudi  or  P.v.  brucechwatti  could  rapidly  control  a  large 
homologous  challenge  in  the  absence  of  the  spleen  but  not  a 
heterologous  challenge*  Cross— Immunity  between  these  two  rodent 

parasites  appears  to  involve  the  rapid  mobilisation  of  a  specific 
immune  response  to  the  challenge  parasite  in  the  apleen.  and  that 
the  nan— specific  element  of  the  cross-immunity  appears  spleen— 
dependent  also* 
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i. 

Introdnctioc 

ilthmch  »1«U  hu  tiwi  effectively  controlled  in  many  parts 
or  ths  world  over  tha  last  thirty  tmt*,  It  1*  still  tha  major  nodical 
problem  at  tbs  wag— r  parts  of  tha  world,  part loulax ly  la.  tbs 
developing  countries.  Over  !»00  allllon  psopls  ara  still  living-  la 
areas  wbsro  there  are  ao  sffeotlTe  o antral  measures*  Zb  Afrioa  alone 
nearly  one  mlUlnsi  people,  mala ly  babies  sad  Infants,  are  reported 
to  die  from  malaria  each  year*  Zt  la  thought  that  the  development 
of  a  vaccine  against  malaria  will  greatly  help  reduce  the  Import aace 
of  malaria  as  a  major  cause  of  death  and  morbidity. 

It  Is  veil  known  that  the  immune  response  to  an  antigen  Is 
complex,  that  the  cbaraoter  of  the  response  changes  with  time, 

sad.  that  It  la  sub j eat  to  regulatory  mechanisms.  Hot  all  the  Immune 
responses  to  malaria  parasites  are  benefloial  to  the  hosti  some  can. 
be  harmful*  A.  detailed,  knowledge  of  tha  form,  tha  immune  response 
to  malaria  parasites  takas*  sad.  of  the  way*  in.  which  immunity  note 
against  the  parasites  and.  of  its  specificity  will  dictate  which 
aspeots  of  the  immune  response  to  tbs  parasites,  should  bo  prefarentlally 
stimulated.  by  a  vaccine*  It  la  with,  this  objective  in  mind  that 
the  following  studies  wars  carried  out* 

The  study  has  concerned,  the  following  areas  r 

1)  In  vitro  aulture  of  Plasmodium  falcipairaa  an  a 
ncLorosoale  » 

2)  Specific  parasite  Inhibitory  antibody  response  to 
populations  of  P.  falciparum* 

3)  Mechanisms  of  protective  immunity  to  mouse  malarias* 


This  port  of  tho  study  vu  partly  carried  out  at  the  Medioal 
Research  Council  Laboratories ,  Fa  Jam,  The  Gambia,  Vast  Africa,  vith 
the  permission  of  the  Direotor,  Dr  I. A.  McGregor,  and  with  the  help 
of  the  resident  technical  and  medical  staff. 


The  Gambia  is  a  hyper endemic  malarious  area,  with  P.  falciparum 
accounting  for  most  of  the  oases  of  malaria,  P.  ovale  end 
P.  malarias  ooour  occasionally.  Most  malaria  in  the  Gambia  la  seen 
in  the  period  from  July  to  December  reflecting  tho  Increased  numbers 
of  mosquitoes  found  during  ths  rainy  season  and  the  three  months 
immediately  after  it.  Although  anti malar ials  can  be  purchased  from 
traders  and  are  given  to  patients  at  village  dispensaries,  the  use 
of  antimalarlals  for  prophylaxis  purposss  at  ths  pressnt  time  it 
rare  amongst  ths  majority  of  ths  African  population.  This  situation 
is  to  change  as  plans  for  mass  prophylaxis  ars  formulated.  Infant 
and  child  mortality  is  high.  Moat  deaths  from  malaria  occur  in 
infants  between  three  months  and  three  to  four  years.  Children 
who  survive  these  early  years  gradually  build  up  on  effective  immunity 
until  by  adolescence  a  strong  immunity  is  established.  It  is  not 
unusual,  however,  for  adults,  during  the  period  of  peak  transmission, 
to  have  patent  parasltaecniaa  although  rarely  showing  clinical 
symptoms  of  the  disease.  Even  in  Individuals  living  all  their 
lives  in  one  locality,  thsrefore,  it  takes  several  years  of  exposure 
to  P.  falciparum  before  an  effeotive  immunity  to  the  parasite  is 
built  up  and  even  in  immune  or  aemi—immune  Individuals  following 
reinfection  a  patent  par ssltsomia  may  ensue.  Two  possible  explanations 
are  suggested  to  explain  why  tho  establishment  of  a  beneficial  level 
of  acquired  immunity  la  a  relatively  slow  prooess  and  why  whan  insuniiy 
is  offectlve  enough  to  prevent  olinioal  illness  ths  parasites  may 
survive  and  multiply.  First,  it  is  likely  that  even  within  one  loeaiiti 
a  large  number  of  'strains'  of  P.  falciparum  exist,  eaoh  of  which 
necessitates  a  specific  Immune  response  from  the  host  and  thus  it  may 
take  several  years  before  an  individual  has  bean  exposed  to  most  of  the 
existing  strains  within  a  locality.  It  would  be  expected  that 
different  strains  did  share  common  antigens  and  that  sensitisation  with 
one  or  more  strains  would  promote  a  more  rapid  response  to  further 
strains  the  individual  may  be  exposed  to.  Secondly,  P.  fnlcJ 
like  P.  knowlesi  in  the  blood  of  the  rhesus  monkey,  may  be  able  to 
undergo  antigenic  variation  (Brown  and  Brown,  196 5)  and  thereby  evade 
the  host's  immune  response  to  it.  The  eventual  composition  of  a 
vaccine  against  the  erythrocytio  stage  of  P.  falciparum  may  depend  upon 
the  occurrence  of  intrm-  and  inters  train  variation  in  P.  fa-loinarun. 

In  the  work  described  below  In  which  iossune  mechanisms  against 
P.  falciparum  have  bean  examined,  the  possibility  that  inter-  and 
in tr as train  variation  00 curs  has  both  been  taken  into  account  and 
evidence  for  its  ooourranos  sought • 

Immunity  to  P.  falciparum  in  man  is,  in  part  at  laaat,  dependent 
on  serum  globulins  (antibodies).  Cohen  et  el.  (1961)  pooled  serum 
from  a  number  of  adult  Gambians,  separated  out  the  XgG  fraction  and 
showed  that  this  XgG  had  protective  activity  whan  injeoted  Into 
children  suffering  acute  P.  faiolparum  inf sot ions.  In  these  children 

the  paraaltaemia  declined  and,  as  far  as  could  ha  ascertained,  the 
immune  XgG  appeared  to  be  aatlparasltlo  when  the  parasite  in  the  red 
cells  reaohad  the  mature  sohiaont  stags.  .  In  ths  work  of  Cohan  st  ni. 
it  is  important  to  not#  that  asrum  was  poolsd  and  that  it  was  transform 
into  children  who  were  probably  already  partially  sensitised  to  the 
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p«ruit*  and.  whose  rati  culosodothal  ■*  system  therefore  was  stimulated* 

The  protective  activity  and  hanoa  specificity  of  a era  from  individual 
donors  vaa  not  tested*  Tha  ant  iparaa  it  io  activity  of  tha  a  arum  anti — 
body  nay  ba  dependant  on  tha  cooperation,  with  cellular  elements ,  such, 
as  macrophages  and.  X.  oalla  present  in  the  Infected  children,  recipients 
of  the  Immune  IgG. 

Tha  asexual  blood,  at  age  of  P.  falciparum  oan  now  ba  cultured  on  a 
continuous  basis  (Tracer  and  Jana an,  1976),  some  isolates  from  patients 
adapting  to  continuous  culture  more  easily  than  others  (Jensen  and 
Tracer,  1978)*  The  effect  of  immune  serum  on  the  growth  and  multipli¬ 
cation  of  P.  falciparum  In  culture  has  been  examined  by  a  number  of 
workers  (Phillips  et  al*.  1972)  Phillips  et  al» .  1975)  Wilson  and 
Phillips,  1976)  Mitchell  et  al*.  1976)  Reese  and  Motyl,  1979)*  Reese 
■Tirf  Motyl  reported  the  inhibitory  effect  of  immune  Actus  monkey  serum 
on  a  continuously  cultured,  strain  of  t,  fnTajnarum  with,  which  the 
monkey  bad  been  infected*  Mitchell  et  al*  (1976)  cultured  p-  ffi^iPartua 
from  an  infected  Actus  monkey  vlth  human.  IgG  from  immune  patients* 

Our  own.  work  In  the  Gambia  has  looked  at  tha  effect  of  serum  from 
Gash  Ians  of  various  ages  an  the  growth  sad  multiplication  of  parasites 
taken,  from  infected  children*  Initially  individual  oultures  of  3ml 
were  used  (Phillips  at  al*.  1972)  bat  since  than  the  parasites  have 
been  aultured  in  96-wall  miorotleeue  culture  plates  (see  Diggs  et  al. . 

1971 )•  The  growth  and  multiplication  rate  of  the  parasites  In  micro- 
culture  through  one  schizogony  and  relnvaaion  was  monitored  'y  Oleoma*  a 
stained,  smears,  by  measuring  the  incorporation,  of  -*H- laoleuolne  or  the 
release  of  laotate  into  the  supernatant*  In  excess  of  IOO  sera  from 
Gambians  of  all  ages  and  96  Nigerian  sera  were,  tested  for  parasite 
inhibitory  activity*  In  all  oaaea  the  test  sera  were  compered  for  their 
ability  to  support  growth  and  multiplication,  of  the  parasite  against 
serum  collected,  from  the  parasite  donor-  at  the  same  time  ae  the 
infected,  red.  cells  ware  collected*  *  The  majority  of  sera  showed,  slight 
Inhibitory  activity  and.  a  few  were  strongly  inhibitory*  A  few  sem 
appeared,  to  be  inhibitory  to  tha  parasites  of  some  children  but  not 
ethers*  It  was  suggested,  that  this  variability  in.  the  sntlperaaltla 
activity  of  tent  in  these  short-term  microoultures  might  be  attributed 
to  antigenic  diversity  in.  P.  falciparum  coupled,  with  the  fact  that 
specific  antibody  responses  to  any  antigenic  type  might  remain  at  a 
high  and  detectable  level  for  a  relatively  abort  period*  It  was 
decided,  therefore,  that  a  population,  of  parasites  needed  to  be  matched 
with  a  specific  immune  response  in  an  individual*  In  order  to  match, 
far  example,  antiserum  with  tha  particular-  population,  of  P.  falciparum 
which  stimulated  its  production,  Infected  blood  was  oryopreeerved  while 
the  Infected  parasite  donor,  after  minimal  ehloroqulne  therapy,  mounted 
an  lmame  response  to  that  population*  Subsequently  tha  recovered 
patient  donated,  a.  further  serum  sample  (oonvalssoent  or  recovered  serum) 
and.  the  cry o preserved,  blood,  vaa  thawed,  and  in  microoultures  the  ability' 
of?  these  parasites  to  grow  and  multiply  in  the  presence  of  serum 
originally  oolleoted  at  the  same  ties  a a  tha  lafeoted  red.  oella 
(pretreatment  serum)  and  la  oonvalssoent  serum,  was  oompared*  Preliminary 
results,  reported  previously  (Vllson  ^Jj_jl»,  1976)  previous  Annual 
Reports),  showed  that  oonraleeoent  sera  snowed  both  specific  inhibitory 
activity  of  homologous  parasites  (l*e*  parasites  and.  sera  eoalag  Aron 
tha  same  donor)  and  also  soma  activity  against  heterologous  parasites 
(i*e*  parasites  from  other  patients)*  This  first  study  was  considered 
preliminary  because  the  numbers  of  patients  from  whom  pretreatment 
end.  o onvaleacent  serum  vaa  obtained  was  small,  and  subsequent  work  has 
largely  been  eoneezned  with  using  the  same  procedure  to  Increase  tha 
number  of  pretreatmit  end.  oonvalssosnt  sera  tested* 


in*  work  oirrltd  out  In  the  abort  vorldsf  visit  to  the  Gambia,  during 
the  period  of  this  ra port  la  described  below.  On  rttum  from  the 
Oaobla  with  a.  large  number  of  laolataa  of  P.  falciparum  parasitized 
blood,  oryoprssarvad  in  liquid  N„,  It  vaa  daoldad  that  bafora  thaaa 
laolataa  and.  corresponding  aara  vara  taatad  tha  continuous  culture 
technique  for  P.  falciparum  should  be  astabllahad  in  the  laboratory 
in  Glasgow.  Xt  vaa  hoped  that  each  isolate  would  subsequently 
be  tested,  for-  its  ability  to  establish  in  continuous  culture.  There 
was  a  delay  in  achieving-  tills  for  two  reasons..  First,  the  Implanta¬ 
tion  of  tha  Health  and  Safety  at  Work  Act  (l$7k)  in  the  Universities 
of  the  U.X.  necessitated,  the  implementation  of  handling  procedures 
for  dangerous  pathogens  in  which  the  risk  to  the  worker  and  other 
personnel  in  the  vicinity  were  reduced  to  a  minimum.  For  the 

of  isolates  of  P.  falciparum  it  was  decided  to  first  screen 
all  samples  of  blood  and  serum  for  hepatitis  B  and  destroy  all  positive 
samples  (12-15%  of  samples)  and  to  handle  all  the  P.  falciparum 
infected  blood  using  standard  dangerous  pathogen  handling  procedures 
in  a  recirculating  work  station.  Secondly,  the  actual  establishment 
of  the  Trager  end  Jensen  continuous  culture  procedure  took  longer 
than  expected.  Several,  months  of  frustration  and.  failure  were 
experienced.  Although  it  is  difficult  to  identify  all  the  reasons 
for  the  parasites  failing-  to  grow  it  le  clear  that  with  time  technique 
improved.  Batohea  of  human  serum  and  human  red  blood  cells  (both 
from  thsrVest  of  Sootland  Blood.  Transfusion  Service)  varied,  in  their 
ability  to  support  growth  and  multiplication  of  the  parasite. 
Establishment  of  a  routine  in  which  new  batches  of  serum,  medium  and 
rad  cells  are  tested,  for  their  suitability  for  culture  purposes  bofore 
being-  used  for  all  the  cultures,  removed  most  sources  of  failure. 

On  my  arrival  at  the  M.R.C.  Laboratories  in  the  Gambia  for  the 
period  of  work  described  below  X  was  informed  that  It  was  no  longer 
possible  to  obtain  convalescent  serum  samples  by  venepuncture  although 
the  earlier  review  of  the  research  proposal  by  the  M.R.C. /Gambian 
Government  Ethics  Committee  had.  not  questioned  the  use  of  venepuno tur a 
in  recovered,  patients  where  It  was  thought,  by  clinician  and.  parent, 
to  be  in  no  way  detrimental  to  the  patient.  Xt  le  now  posaiblo  to 
collect  oonvalosoent  serum  by  venepuncture.  Xt  did.  mean,  however, 
that  oonvaleaoent  sera  had  to  be  obtained  by  finger  prick,  and  that 
the  quantities  obtained  were  small.  Consequently  a  largo  part  of 
the  six  weeks*  working  period,  was  spent  in  sealing  down  the  mloro— 
cultures  to  cultures  of  30— loom  which  wore  loss  demanding  on  sera 
and  parasites  . 


Cryo  preservation 


In  the  previous  report  a  oryopreaervation  procedure  for  the  ring 
stage  parasites  of  P.  faloi-perum  was  described.  Parasitized  blood 
warn  collected,  into  be  pari  a  ringer  to  give  a  final  concentration,  of 
10—17  l.u.  heparin/ ml  of  blood.  The  infected  blood,  was  washed  twice 
with  medium  199  or  RFKX  1640  and  resuspended  in  compatible  Caucasian 
serum  to  give  a  kO%  suspension  of  red  oelle.  The  infeoted  blood  was 
all quoted  in  0.25— 0.3Qel  ematsxts  in  one  or  2ml  screw-capped  Sterilin 
propylene  tubes  to  whloh  was  added,  drop-wise,  the  eryoproteotant 
which  was  3U%  glycerol  (v/v)  in  s orbit ol/sallne  (38gm  glycerol, 

2. 9 got  sorbitol  and  0.53gm  Had  in  100ml  distilled  water).  Xa  the 
original  procedure  eryoproteotant  and  parasitized  oells  wore  kept  on 
loe.  The  present  procedure  is  to  have  parasitized  blood  and  oryo— 
protectant  at  room  temperature  and  after  to  .keep  the  mixture 

at  room  temperature  for  15  min.  bofore  placing  In  ice-water  for  5  sdn 
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after  vbioh.  tl am  tubes  are  plunged  into  liquid  N_ •  i-nimng  ox 
cryopreserved  blood  vu  carried  out-  by  tramf erring  the  tuba*  from 
liquid  N_  to  a  37°C  water -bath  as  rapidly  aa  possible  and.  gently 
agitating  the  tuba  for  one  minute.  if  tar  t  having  tha  tubas  vara 
spun,  at  250g  for  3  min,  tha  supernatant  r amoved  and  tha  rad  calls 
vaahad  in  five  steps  (see  belov)  with  decreasing'  oanoentrations  of 
sorbitol  ( 17  »  5*  —  v’  culture  medium)  in  phosphate  buffered  saline 
pH  7.2  (PBS) .  This  procedure  for  recovering  eryopreaerved  infected 
cells  resulted  in  a  good  red  cell  recovery  but  had  the  disadvantage 
of  being  laborious  and  time  consuming.  in  alternative  recovery 
method  using  hypertonic  saline  has  been  oompared  with  the  sorbitol 
method.  The  results  of  one  such  experiment  are  given  belov. 

The  infected  blood  from  a  Blood  Group  A  donor  had  2.6*  parasitaemia 
of  large  rings.  Xt  vas  washed  and  cryopreserved  in  aorbitol/glyoerol 
as  described  above  in  0.3ml  amounts  in  liquid  N_ .  Aliquots  vers 
thawed  out  seven  days  later  and  washed  with,  either  sorbitol  saline 
or  with  hypertonic  saline  following  the  protocols  given  below. 


Thawing  of 


Sorbitol  wash 

Step  1  2ml  17.5*  aorbltol  (s)  +  2ml  10*  S 
*  2ml  7.3*  (S) 


Saline  wash 

Step  1  0.3ml  4.5*  salin. 

+  4.5ml  3.5*  saline 


Step  2  1ml  10*  S  +  2ml  7.5*  (S)  +•  2ml  5*  S  Step  2  5ml  0.  9*  saline 

Step  3  1ml  7.5*  S  +  2ml  5*  (S)  +  2ml  2^5*  S  Step  3  5  ml  medium  199 

Step  4  .  1ml  5*  S  +  2ml  2.5*  (S)  +  2ml 
medium  199 


Step  5  lml  2.5*  S  +-  4ml  medium:  199 


After-  vaehingi  the  red  oella  wore  resuspended  in  150pl  Caucasian 
Group  A  serum,  and  put  into  mioro tissue  oulture  trays.  Five  micro- 
litres  of  sorbitol  washed  or  saline  vaohod  infected  blood  were 
subsequently  put  Into  miorooul tuxes  containing  50,  100  and  15OHI  of 
medium  199  (Phillips  at  al. ,  1972)  containing  10*  foetal  calf  serum 
and  lOmM  Hepea,  The  cultures  were  incubated  in  5*  C02  in  air. 

After  re  sue  pending  tha  cells  in  A  serum  the  sorbitol  washed 
blood  bad  a  red-cell  count  of  3.98  x  lO^/ml  and  the  saline  washed 
blood  3.03  x  lCr /ml  Indicating  that  the  aorbltol  method  gave  a 
slightly  better  red  cell  recovery.  Growth  of  the  parasites  in 
oulture  was  monitored  by  examining  Giemsa's  stained  smears  and  by 
tha  uptake  of  iso  leucine  following  tha  procedure  described  in  a 

previous  report  end.  in  Wilson  ot  al.  11977)  „  0.5HC1  3h— isoleucine 

in  5W-  medium  199  ware  added  to  the  miorooul trure  Star  after  the 
cultures  had  been  initiated  asd  the  cells  haxvssted  15br  later. 

Results 

The  level  of  incorporation  of  ^H-iaoleuclna  in  the  cultures  la 
given,  in  Table  1*  Xt  oon  bo  seen  that  ovsrall  tha  amount  of 
incorporation  warn  comparable  In  tha  saline  washed  anu.  sorbitol  washed 
blood.  Tbs  blood  smears  from  ths  washed  sad  resuspended  red  oells 
showed  a  slightly  higher  peraeltaemie  in  the  sorbitol  washed  oells. 
The  re  invasion  rates  were  very  similar.  The  amount  of  incorporation, 
of  the  tracer  in  the  eiorooultures  refleots  the  dilution  faotor  of 
the  tracer  in  the  oulture  of  different  volumes  (see  later). 
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Culture  of  oryopraservod  p,  ^^lojparum  after-  vnnhtnf 
with,  sorbitol,  or  hypertonic  saline 


Initial  parasl taenia  -  sorbitol  wash  1.96^ 

saline  wash  1,53^ 

Multiplication,  rat*  (after  rainvasian) 

sorbitol  wash.  —  x  2» 

sails*  wash:  —  x  3* 
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Conclusion 

This  and  othsr  experiments  indicate  that  both  sorbitol 
hypertonic  saline  washing  procedures  give  reasonable  and  a lnl lex 
parasite  survival  os  Judged  In  short-tern  cultures.  Longer  tern 
cultures  of  c ry opr e served  Infected  blood  after  washing  by  the  two 
methods  are  planned. 


Variations  In  the  procedure  for  culturing  P. 

on  a  microscale 


It  was  noted  in  the  Introduction  that  there  was  a  necessity  to 
reduce  the  else  of  the  mlorooultures  so  that  the  Inhibitory  activity 
of  the  small  volumes  of  sera  from  patients  before  and  after  recovery 
could  be  tested.  The  following  experiments  were  setup  largely  to 
find  the  best  culture  conditions. 


In  all  the  experiments  reported  below  the  infected  blood  was 
collected  from  the  patient  Into  heparin/ringer  to  give  a  final 
concentration  of  heparin  of  10-20  l.u./ml  blood.  The  blood  oells 
were  deposited  by  centrifugation  (230g  for  5  min)  and  the  plaana 
collected.  (The  plasma  was  subsequently  used  for  screening  the 
patient  for  hepatitis  B. )  The  blood  cells  were  subsequently  washed 
twice  with  medium  199  or  RPKX  l6l*0  as  appropriate  and  final xy 
resuspended  to  AO#  haeaatocrlt  with  compatible  serum  from  a  non- 
inraune  Caucasian.  Unless  otherwise  stated  cultures  were  carried 
out  In  96— well  flat-bottomed  nicrotissue  culture  trays. 


trrr-'r»/,;jrr»  KIPP  WT*  *4 


Six  experiments  were  carried  out.  The  madia  used  were  RPMI  16A0 
(Flow  Laboratories)  containing  2.1  g/l  NaHCO.,  25mM  Hopes  and  25Mg 
gentamicin/ ml  (Trager  and  Jenson,  1976),  and' medium  199  (Flow  Laboratories 
containing  1.98  g/l  NoHC0~f  lOnM  Hopes  and  2jKRg  gentamloln/ml. 

Parasites  in  RPMI  162*0  were  lnoubated  in  a  oandle  Jar  (Trager  and 
Jensen,  19 76)  and  those  in  nedlun  199  were  incubated  in  C02  in  air. 
Foetal  oaJLf  serum  (FCS)  was  added  to  a  final  oonoantration  of  5^  or 
10#.  Individual  cultures  were  of  a  volume  of  25m  in  mlorotlssue 
culture  trays. 

Comparison  of  the  growth  and  multiplication  of  the  parasite  In 
medium  containing  5#  or  10 #  FCS  over  a  period  of  two  to  four  days 
revealed  that  in  199  sad  RPMI  there  was  usually  no  significant 
difference  although  overall  there  was  a  slightly  better  rate  of 
multiplication  sad  incorporation  of  ^H-lsoleuoine  in  medium  containing 
10#  FCS.  Qno  example  Is  given.  The  parasitised  blood  contained 
A  .97#  rings.  After  being  washed  and  resuspended  in  Caucasian  A  serum 
10|il  of  Infected  blood  was  Introduced  into  each  250|tl  ederoeulture.  - 
Eaoh  culture  contained  approximately  1.6  x  10°  parasites  and  3.2  x  10' 
red  oella  In  medium  199  or  HFKX  16AO  oontelning  3#  or  10#  FCS.  Twelve 
cultures  of  each  type  were  eet  up  at  1700  hr  an  day  0.  After 
1.5hr  culture  lpOl  JH-leoleoolne  (speolflo  activity  ?1  Cl  m/moX 
(Radlochamloala,  Aaarahan)  In  lOpl  of  nediimi  was  added  to  foes'  eulturas 
of  aaoh  type.  One  culture  was  for  Oh r  of  Incorporation  and  the 
remaining  three  were  harvested  lj.5hr  later.  Ralnvaalon  ooeurred 

Star  shout  AO hr  of  oulture.  After  Jl.Jbr  of  oultura  IpCl 

-is  ol  sue  ins  in  10|»1  of  medium  was  added  to  a  further  four  of  each 
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culture-  and  the  culture*  burutid  lit  hr  latsr*  At  interval s  during 
th*  culture  period  rapraaan.ta.tivB  mioroculture*  war*  dia  cant  inn  ad.  and. 
blood  smears  made  from  them.  Tho  raaulta  ara  oltad  in  Tabla  2, 

It  oar.  b*  a  a  an.  that  th*  level  of  incorporation,  of  tha  radlotraoar 
was  alga  If  leant  ly  greater  in  medium  199  reflecting  the  larger  amount 
of  1  cold.1  Iso  leucine  already  present  In  RPMI  16I*.0*  Ax  both.  RPKC  and 
199  there  vaa  a  reduced  laval  of  tracer  Incorporation,  after  re  invasion 
and.  that  the  lowest  levels  of  incorporation,  were  in  the  media  oon.ta1.ning 
5 #  PCS.  Glams  a r  a  stained  smaara  suggested  that  there  vaa  a  m  g*i*v 

rate  of  reinvasion  in  medium  199  containing  10#  FCS,  On  tha  baala  of 
these  results  and  those  from  other  experiments  it  was  decided  to  uso 
medium  199  containing  10#  FCS  os  the  culture  medium  particularly  where 
iaoleucine  incorporation  was  being  determined* 


Comparison  gf  the  growth  and  multiplication  of  parasite*  in 

round-bottomed  nd-orotlssu*  culture  Plata  a 

It  was  planned  to  examine  the  possibility  of  using  a  cell  harvester 
(Titerteo)  to  process  mlorooulturss  to  which  lH— iso leucine  had  been 
added*  A^oaUL^ harvester  would  bo  a  more  rapid  method  than  tha 

standard  method,  in  which  individual  cultures  ara  spun  dawn  in  tube*  and 
th*  red.  cells  washed  three  times  before  being*  bleached  with  hydrogen 
peroxide  and  solubilized  in  NCS.  In  the  cell  harvester  the  blood 
cell*  are  co  Hooted  onto  die  os  of  filter  paper,  washed,  bleached,  and 
than  treated  with  NCS,  The  manufacturers  of  tho  coll  harvester 
recommended  that  the  cultures  he  carried  out  in  round-bottomed  treys » 
in  flat-bottomed  trays  there  is  a  danger  that  some  of  the  oells  in 
the  wells  would  not  be  completely-  washed  out.  Hence  it  was  decided  ... 
compare  th*  growth,  of  P,  falciparum  In  round-bottomed  and  flat— bottomed 
tissue  culture  tray*. 

Parasite*  trout  eight  patients  were  cultured  in.  flat—  and  round- 
bottomed  tray*  in.  different  experiments.  The  growth  of  parasite* 
from  three  are  deeorlbed*  For  all  three  donor*  of  parasite*  th* 
parasites  ware  cultured  in  3 #  CO,  i»  sir  in  medium  199  containing 
10#  foetal  calf  serum,  lOmM  Hopes  and  gentamicin  at  25Hg/ml,  Th* 
parasites  were  grown  through  one  period  of  schizogony  and  reinvaaion 
in  cultures  of  250(11  and  50|il,  Five  miorolitres  of  washed  and 
resuspended  red  oells  ware  added  to  each  culture.  Incorporation  of 
3h— isoleuelne  waa  measured  before  and  after  reinvaaion.  The  results 
are  shown  In  Table  3*  After  reinvaaion  comparing  50|il  and  250|tf. 
culture*  th*  higher  parasitaomlas  were  seen  In  the  230|il  cultures. 
Comparing  flat-bottomed  and  round-bottomed  wells  it  can  be  seen 
that  after  reinvaaion  th*  porasitaemias  and  tracer  incorporation 
were  significantly  higher  la.  th*  former  wells.  Before  reinvaaion 
Incorporation,  of  the  tracer  was  similar  In  round—  and  flat-bottomed, 
wells. 


In  other  experiments  similar  results  were  obtained  overall, 
la  cultures,  therefore,  in  which  reinvaaion  rates  and  subsequent 
growth  of  the  new  generation  of  ring  atagos  are  being  measured, 
round-bottomed  are  less  satisfactory  than  flat-bottomed  wells. 
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4- Don  of  tt)f  (jroyth  of  P #  fftlolporm  f lot"bot tonod  oo4  roundat>ottonod  microtisouo  ciflturo  tToyo 


flat-bottomed}  RB  -  round-bottomed,  1  -  from  5-21,5  hrj 
“rooi  51o5-66,75  hr. 
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Washed  and  r •suspended  parasitized  blood,  from  tvelve  patients 
was  cultured  In  medium  199  (10$  FCS,  234g/ml  gentamicin  end  10mM 
Hopes  is.  V/t  C0_  in  air)  in  flat-bottomed  tissue  culture  trays  in 
cultures  of  5041  or  25041.  Five  micro  litres  parasitized  blood  or 
5m  of  the  blood  diluted  1  in  2  or  1  in  5  with  normal  serum,  was 
added  to  eaoh  well*  The  growth  of  the  parasites  before  and  after 
reinvasion  was  monitored  by  incorporation  of  ^H— iso  leucine  (0.54C1 
per  well)  and  by  examination  of  stained  blood  smears. 

The  results  showed  that  in  tan  of  the  twelve  blood  samples 
reinvasion  rates  were  higher  In  25041  cultures  compared  with  the 
5041  cultures  although  this  difference  could  be  reduced  by  reducing 
the  number  of  parasites  per  well.  Growth  of  the  parasites  during 
the  first  19hr  of  culture  was  similar  in  5041  end  25041  cultures. 

The  results  from  cultures  of  blood  from  three  patients  are  given 
in  Table  1.  Xn  patient  7831  there  was  no  reinvasion  In  504I 
cultures  initiated  with  1.06  z  10°  parasites  although  there  was  a 
detectable  incorporation  of  the  tracer  after  67.75hr  of  culture; 
in  these  latter  cultures  there  were  trophozoites  and  sohlzanta 
present  at  6?far.  Xb.  the  250 41  cultures  initiated  with  lowest 
number  of  Infected  cells  (2.11  x  10*)  from  patient  7831,  th  g 

reinvasion  rate  was  lower  then  that  in  those  initiated  with  1.06  x  10 
parasites.  This  finding  illustrates  tha  frequently  made  observation 
that  parasite  growth  and  multiplication  may  be  imp  air  od  if  the 
number  of  red  cells  in  individual  cultures  drops  below  a  critical 
level.  This  can  be  overcome  by  adding  extra  uninfected  red  cells 
to  tha  culture*  which  maintains  the  integrity  of  infected  end 
uninfected  red.  cells.  Xn  general  the  rate  of  tracer  incorporation 
refloated,  tha  reinvasion.  rate  determined  by  parasltaemlas  where 
reinvasion  occurred.  A*  mentioned,  earlier  the  amount  of  tracer 
incorporation  was  reduced  in  tha  25041  culture  because  of  the 
dilution,  of  the  tracer. 


These  end  other  experiments  indicate  that-  it  is  possible  for 
P.  falciparum  to  be  grown  through,  one  schizogony  in  5O4I  cultures 
without  changing  the  medium  ovor  the  course  of  throe  days  but  It  is 
ne cessary  to  ensure  that  thare  are  sufficient  red  cells  present 
to  prevent  spontaneous  lysis  of  red  cells  and  that  the  number  of 
infected,  red  cells  is  not  toe  high.  Thus  vhsre  materials,  e.g. 
infected,  blood,  serum  or  radioisotope,  are  limited  5041  cultures 
may  be  profitably  used  but  it  would  be  advisable  to  monitor 
reinvasion  by  stained  blood  smears  as  wall  as  by  raaloisotope 
incorporation. 


b-  glMMlnr  TflM.aratop 


Xn  further  Investigations  into  determining  the  optimal  conditions 
for  the  growth  and  multiplication  of  Pr  f^i^iparum  in  cultures  of 
lass  than  2504I  two  experiments  were  carried  out  in  which  the  medium 
in  Individual  wells  was  changed  during  the  course  of  the  culture  or 
in  which  the  volume  of  medium  in  the  wells  was  reduced  during  the 
o cures  of  tha  culture  usually  Just  prior  to  the  radiotracer  being* 
added.  That  is,  in  order  to  roduoe  the  possibility  of  the  medium 
in  tha  micro titxe  well  being  exhausted  during  tho  culture  period  by 
the  growing  parasite,  the  parasite  initially  started  growing  In 
excess  and  the  culture  volume  was  reduced  to  that  r squired. 

Just  before  radiotracer  was  added. 
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1.  In.  the  first  experiment  oulturea  v«r«  sst  up  containing 
50,  100,  150  and  20041  of  medium.  Son*  of  the  5O4I 
culture*  vara-  subs equantly  laft  untouched.  In.  others 
2341  of  medium  vaa  rapine a<l  after  23.5  or  42«5hr  of 
culture .  The  10041  cultures  had  3041  medium  removed, 

the  13041  cultures  had  100 41  mart  jinn  removed.  and  tha 
20041  oulturea  15041  medium  removed  in  all  oases  after 
23.5  or  42,51*  of  culture.  That  is,  in.  all  oasaa  tha 
final  volume  of  each  culture  after  42.5br  of  culture 
vaa  5041.  Re  invasion  occurred  after  about  40hr  of 
culture.  Duplicate  cultures  of  each  treatment  received 
0.34C1  ^H-iaoleucine  between  either  hours  Mi. 75  to  66.00 
or  73.00  to  92.50.  The  paraaitaemla  after  reinvaslon 
was  approximately  the  soma  in  tha  different  cultures, 
l.e.  5.56-8.11^.  The  tracer  incorporation  rates  are 
given  in  Table  5  from  which  it  can  be  seen  that  replacing 
254I  of  medium  or  reducing  tha  volume  of  tha  culture 
to  5041  at  23*5  or  42.5hr,  particularly  after  42.5br 
of  culture,  increased  the  amount  of  incorporation  of  the 
tracer. 


ii»  Cultures  wera  set  up  containing  a  volume  of  50,  100,  150, 

200  or  25041.  After  24.75hr  of  culture  soma  oulturea 
wera  reduced,  in  volume  and  others  had.  medium  replaced, 
a*  follows, 

5O4I  oulturea  —  2O4I  medium  replaced,  in  some  cultures. 

10041  cultures  —  5O4I  medium  replaced  in  soma  cultures. 

m 

15041  cultures  —  5O4I  medium  removed,  from  half  the  oulturea 

and.  replaced,  in  others. 

20041-  oulturea  —  10041  removed,  from  half  oulturea  and 

to  soma  of  these  5043-  freed  medium  added J 

2504X  oulturea  —  20041  removed  from  half  oulturea  and.  to  some  < 

of  these  50  or  10041  fresh  medium  added.  / 

O.54CI  ^H— : isoleucine  in  1041  was  added,  to  wells  given  the  ? 

different  treatments  from  4»5hr  to  18.25hr  and  from  52.50hr 
to  66,50br»  Reinvaslon  occurred  after  30hr  of  culture. 


The  results  are  given  in  Table  6.  Xt  can  ha  seen  that  the 
amount  of  traoer  incorporated,  between  4.50  and  l8.25br  decreased 
with  Increasing  volume  of  the  oulturea.  The  lowest  reinvaslon  rates, 
aaaosaed.  by  the  stained  blood,  ameers  ware  seen  in  the  5041  oulturea, 
i»  tha  5041  oulturea  in  which.  20 pi  of  tha  medium  was  replaced,  tha 
reinvaslon  rate  waa  increased,  slightly  and  tha  anovoLt  of  traoer 
incorporation  raised.  Although  for  the  oulturea  of  a  final  volume 
of  100,  150,  200  and.  23041  tha  relsvaalam  rats*  wore  than 

for  the  5O4I  cultures,  there  vaa  no  Indication  that  any  particular 
voices  sins  gave  tha  beat  paraslta  growth  and.  multiplication. 

Similarly  for  oulturea  of  a  final  volume  of  100  and  15041,  replacing- 
medium  or  starting  with  excess  aertium  and  reducing  the  volume  to 
the  final  volume,  did.  not  enhance  parasite  growth  and  multiplication. 

Xt  is, however,  to  be  noted,  that  in.  this  experiment  (it)  the  individual  t-4i 
oulturea  each  contained.  1.84.  x  lo'  parasite*  compared  with 
3.89  *  103  parasites  in  experiment  (i)  and.  the  medium,  therefore, 
waa  leas  rapidly  exhausted. 


! 
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Growth  of  Pt_fft^cjeaSHB  to  oulturea  of  a  f-tnai 

▼SteWW.  .<tf>  J5L9F?- 


Initial 
volume  of 
culture 

Treatment 
of  cultures 

Mean  e.p.a.  x  icP 

Period  of  Isotope  incorporation 

Total 

Inc  orporati  on 

2*2*  •  7  5-66  •  OOhr 

73.00-92.5br 

50|*1 

none 

18.32* 

19.33 

37.67 

50|*1 

m 

1001*1 

25 1*1  replaced 
23.5br 

22.06 

17.3 

39.36 

251*1  replaced 
*1.2. 5br 

22.95 

18.08 

2*1.03 

50**1  removed 
23.51ir 

22*J59 

2o;63 

**5i22 

50|*1  removed 
l*2.5br 

28.33 

18.96 

.. 

2*7.29 

f 

1501*1 

100 1*1  removed 
23.5br 

22*. 06 

22.22* 

2*6.3 

lOOul  removed 

2*2. 5hr 

28.12* 

20.73 

2*8.87  -j 

2001*1 

150m  removed 
23.5br 

22.59 

20.2,2 

i 

2*3.01  j 

I 

150m  removed 

2*2. 5hr 

31.16 

19.05 

50.21 

The  culture*  were  l&ltiatad  with  51*1  washed  and  reauapandad 
Inf eo ted  bipod  oella  containing  3*89  x  10*  parasites 
(10.25  x  10®  rbos ) , 


Cultures  were  Initiated  with  5H1  washed  andgresuspended  blood 
containing  1.84  x  10*  parasites  (l9«15  *  10  rod  cells)*  Moan 
paraiil taewlas  and  o.p*m*  were  calculated  from  triplicate  or 


These  two  experiments  ocavfirm  that  It  la  possible  to  have 
alga If leant  growth,  and  multiplication  of  P.  faloluarum  la  50|il 
cultures,  particularly  If  medium  la  changed,  although  the  paraaltaa 
nay  do  laaa  wall  than  la  larger  cultures. 

Growth  of  P^_fft3iglBaESB  la  nloroeulturaa  la 

aamc  jmbbIh  2LjasaaaLJeaaaaiai  jusai 

As  a  taat  of  tha  suitability  of  amall  volume  mlorooulturss  for 
asaaaalag  tha  ability  of  different  aera  to  support  the  growth  and 
multiplication,  of  P.  falciparum  two  experiment a  wero  carried  out 
in  which  the  paraaite  waa  grown  through  one  schizogony  in  the 
pnesance  of  serum  samples  oolleoted  from  adult  femalea  in  the  U.K. 

The  donors  were  either  woman  attanding  ante-natal  clinics  or  a 
sexually- transmitted  diseases  (STD)  olinie.  The  sera  were  stored 
at  -25°C  until  required, 

3jx  tha  first  experiment  parasites  from  a  Group  0  donor  were 
cultured  In  50|H  medium  199  ( 10%  FCS,  lOmK  Hepaa  and  gentamloln 
25Hg/ml)  to  which  30(il  of  serum  waa  added.  Each  serum  waa  tested  in 
threw  microculturee . _  Growth  before  tmd  after  reinvaaian  was  assess  sd 
by  incorporation  of  "TJ— isolaucina  (0.5HC1  por  well)  and  examination  of 
bloodTamsiarxir  The  results  are  given  in  Table  7  shore  It  oan  be  seen 
that  substantial  reinvaaian.  only  occurred  In  cultures  containing 
culture  medium  without  additional  human  serum.  Human  serum  at  a 
concentration  of  30%  supported  growth  of  ring  stages  with  some  small 
degree  of  variation  between  different  a  era,  as  well  as  medium  alone, 
os  evidenced  by  the  incorporation  of  tha  radiotracer  between  li.OO 
and  19.23br  of  culture,  but  reduced  schizogony  and  reinvaaian. 

In.  the<  aeoand  experiment  25(il  of  human  serum  was  added  to  50(il 
of  complete  medium.  Culture*  were  Initiated,  with  3 HI  of  washed 
and.  resuspended,  infected,  blood.  (3.7  x  10*  parasites.  17,9  x  10"  red 
blood,  cell*,  2.07%  parasltaeosia)  from  a  Group  0  donor.  Four  cultured 
with  each  serum  were  set  up.  0.3HC1  ^H-iaoleucine  in.  iopl  was  added 
to  duplicate  culture*  of  each  serum  sample  after  37 •  3hr  of  culture 
(reinvaaian  occurred  after  about  2 Star  of  culture)  and  the  cultures 
were  harvested  l6hr  later  at  vhiofc.  time  the  remaining  two  oulturos 
of  each  serum  sample  were  smeared  to  determine  the  reinvaaian  rate. 

The  results  are  shown  in  Table  8.  Xt  oan  be  seen  that  an  this 
occasion  the  re  invasion,  rate  in  the  cultures  containing  33%  human 
serum  was  as  high  as  that  In  medium  alone.  Radiotracer  incorporation 
showed  that  there  was  some  variation  in  the  uptake  of  tracer  by  the 
now  ring*  in  the  different  sera*  1  higher  level  of  tracer 
incorporation  was  not  always  ref  looted  in  a  bn  g*imr>  level  of  parasite 
r einvaslan.  sa  seen  in  the  stained  blood  smears . 

These  two  experiment  a  showed  that  small  ml  oro  cultures  oan  be 
used  for  determining,  for  example,  the  ability  of  earn  from  immune 
individuals  to  support  or  inhibit  the  growth  and  multiplication  of 
P.  faloiam-  Bonn  sera  at  a  final  ocnesntratian  of  33%  supported 
the  parasites  very  much  better  than  at  a  o  ana  nitration  of  50%  and 
that  with  cultures  initiated  with  3.7  x  10*  parasites  a  total 
oulture  volume  of  73H1  was  satisfactory.  Those  experiments  dearly 
shoved  that  there  is-  variation  in  the  ability  of  sera  from  non— 
lmnnas,  even  between  serum  samples  token  an  different  occasions 
from  tha  asms  individual,  to  support 

Xh  experiments,  therefore,  where  entl-parasltio  aotivity  of 
iamn*  sera  la  being  tested  for,  an  adequate  number  of  control  sera 
should  be  included. 
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Rtlamim  of  SjS&iSAStS21B  <Uifor«ot  non-laaaM  aara 


Sanaa  donor 

' 

Blood  Group 

Moon.  , 

c.p.m,  x  lCr 
aftar  raimraaion 

Moan. 

^  paruaitaamta 
aftar  ralavaaion 

14  U) 

20.52 

18.47 

14  (il) 

18.08 

16.27 

14  (ill) 

24.49 

19.89 

14  (lv) 

23.1 

20.14 

14  (v) 

17.42 

15.2 

9  (1), 

18.08 

11.31 

9  (it) 

17.67 

17.68 

9  (ill) 

21.98 

17.6 

9  (iv) 

22.56 

16.30 

32- 

• 

21.19 

16.5 

35 

26.15 

15.44 

36 

24.98 

20.24 

38 

23.3T 

16.8T 

41 

30,39 

15.34 

175 

25.1 

16.75 

190 

21.12 

21.61 

229 

28.43 

20.78 

R.3.S.  (l) 

26.37 

13.79 

Madina* 

22.15 

17.79 

Sara.  v«r«  oollMttd  from  donors  14  and.  9  an 
four  or  firs  occasion* ,  an*  month  batvaac 
donations* 
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Testing  of  ratrum  sera  for-  axxtl-PJ__fa^ojLBgr\M  antibodies 

Tnf acted  blood  was  oollsetsd  from  82  patients  and  samples  from 
each  oryoprsserved  la  liquid  N,.  Thirty-sight  patlants  r a turn a<l 
from  whoa  small  strum  samples  ware  collected.  Four  of  these  patients 
were  subsequently  found  to  be  hepatitis  B  positive  and  all  blood  or 
serum  samples  from  these  patients  had  to  be  destroyed.  Is  explained 
in  the  Introduction  it  was  deolded  to  establish  the  technique  for 
continuous  culture  of  P.  falciparum  In  the  laboratory  under  acceptable 
conditions  of  worker  safety  before  thawing  out  the  oryopreserved 
Infected  blood  and  testing  the  sera  from  the  patients  after  recovery. 
Xt  was  hoped  that  when  thawing  out  the  oryopreserved  blood  9emples 
not  only  would  short-term  oultures  from  eaoh  isolate  be  set  up  to 
tost  the  anti— plaamodlal  activity  of  the  sera  but  also  an  attempt 
would  be  made  to  adapt  the  isolate  to  continuous  culture. 

P.  faloiporum  Is  now  established,  in  continuous  culture  and  the  testing 
of  the  sera,  la  In.  progress .  Attempts  to  adapt  the  frozen.  Isolates 
to  continuous  culture  have  not  been  very  successful  so  far.  First 
results  aontlnue  to  confirm  the  anti- plaamodlal  activity  of  return 
sera*  Full  details  will  be  held  over  to  the  next  report. 
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infection*  j 


in.  i  nmune  mlo* 

—  affect  of  Irradiation 

removal  proooaa 

—  role  of  apleen- 


Plasmodium  cha|h«y«»  (a/s)  strain,  vaa  cloned  and.  supplied  try 
Dr-  D-  Vallikor,  University  of  Edinburgh-  In  C57B1,  CBA  and  NIB  slco . 
aged  6-40  weeks,  this  parasite  produces  an  acute  primary  patent 
paras itaemla-  usually  lasting  around.  17  days-  A  period,  of 
sub  patency  follows-  In  tbs  majority  of  mice  a  patent  recrudescence 
emerges  around,  day  28  and.  lasts  5—7  days-  A  further  rearudesaenoe 
around  day  50  is  soon  in  some  mice.  In  the  majority  of  mice  the 
parasite  appears  to  have  bssn  eliminated  10  weeks  after  infection. 

In  our  laboratory  the  asexual  blood,  stage  of  P.  chabaudl  grows 
synchronous ly,  schizogony  occurring  around  midnight.  Lata  trophozoite 
and  schizont  stagea  tend  to  la&va  tha  peripheral  circulation. 

P,  voelii  (YM  strain),  P.  vinckei  petteri  and  P.v.  bruechwatti  all 
came  from  Dr  D,  Wall  liter,  University  of  Edinburgh- 

Parasitized.  blood  is  stored,  at  -198°C  using  glycerol  at  a  final 
concentration,  of  17.5^  (v/v)  as  tha  cryoproteotive  agent. 

Cry o preserved  blood,  vaa  thawed,  rapidly  in  a  37°C  water’  bath  and. 
injected  iatraperltoaeally  into  mice-  Dilutions  of  freshly  thawed, 
blood  warm  mad*  with  17-5>  sorbitol  In  saline-  Sub  passages  of  tha 

parasite  wars  mads  every  J  or  4  days  in  ordsr  to  maintain  ths  anti— 
genic  character  of  the  paraalte- 

Hepoxin  at  a  final  concentration  of  10-20  i.u./ml  blood  was 
used  as  tha  anticoagulant  and  dilutions  of  infsoted  blood  wars  mads 
in  Hanks *  balanced,  salt  solution,  or  tissue  culture  medium  ee  Indicated 

Paras itaemiae  were  assessed  by  examination  of  tail  blood  smears 
etaiasd  with  Giemsa's  stain  and  rsoorded  as  parasitized  red  cells  per 
lOA  or  10^  red  cell*-  Mlo  a  wars  injsctsd  with  parasitizod  rad  oella 


-<r.d 


latxaperit cmeally  (l.p. )  or  Intravenous ly  (l.v, )  as  indicated  la 
the  text*  XXL  inf action*  v«ra  initiated  with  inf act ad  rad  cella. 

ISAS 


?our  ln.br  ad.  strains  of  mice  CBA,  A,  NTH.  gad  C57B1  vara  us  ad 
at  different  times  and  they  vara  supplied  either  by  the  Contra  for 
Tropical  Veterinary  Medicine,  Easter  Bush,  East  Lothian,  or  Hacking 
and  Churchill,  Huntingdon,  or  vers  bred  vithin  the  Zoology  Department. 

All  mice  vere  fed  on  Oxoid  diet  h IB  and  food  and  vater  vere 
given  ad  libitum.  The  mice  vere  maintained  at  around  22°C  with 
12hr  light  from  0800  to  2000hr. 


Lymphoid  cella  involved  in  immunity  to  Pt.otobflag^  in  mice 


Xt  vaa  previously  reported  (McDonald  and  Phillips,  1978)  that 
immunity  to  P,  chdbaudl  could  be  adoptively  transferred  to  irradiated 
syngeneic  recipients  vith  Immune  spleen  cells ,  and  with  populations 
of  Immune  spleen,  cells  containing  predominantly  either  thymus— dacrlvoc 
(T)  cells  or  bursa— derived  (B)  colls  as  a  result  of  passing  spleen, 
coll*  through  nylon  vool  columns  (Trixie  and  Cudkovios,  1974 ) * 

The  hast  protection  vaa  given,  to  lethaXly  irradiated  odes  with, 
unfractlanated  spleen  oells  suggesting  that  one  of  the  role.*  of  the 
T -cells  was  to  act  as  helper  oells  In  tha  production,  of  protective 
antibody.  Further  experiments  which,  have  been  reported  (McDonald 
and  Phillips,  19 80)  shaved  that  in  the  irradiated  recipients  of 
unfractlanated  immune  spleen,  oella  or  enriched  immune  spleen  T-oells 
the  control  of  the  primary  patent  pmrasltaenda.  vaa  associated  with 
a  rise  in.  the  level  of  protective  antibody  in.  the  aerust  of  the  mice. 
This  observation,  also  suggests  that  inmama  T-oella  vere  acting  aa 
helper  oella  in  the  production  of  protective  antibody. 

jjx.  pert  of  a  further  examination,  of  the  relative  roles  of 
T—  and  B— oella  in  the  iasaune  response  to  P .  ohabaudl  immune  coll 
populations  have  been  treated  vith  anti— thymocyte  (Roe e  et  al. .  1976) 
prior  to  adaptive  transfer.  In  the  previous  report  the  results 
of  three  such  experiments  vere  briefly  described  in  which  the  effect 
of  anti— thymocyte  serum  (ATS)  on  unfractlanated  immune  spleen  oells 
or  enriched,  immune  spleen  T-cell  populations  vere  examined.  Although 
there  vas  one  anomalous  result,  these  experiments  in  general  indicated 
that  treatment  of  the  immune  spleen  oells  vith  ATS  before  transfer 
reduced  the  protection  given,  particularly  that  afforded  by  the 
limmnis  T-cell  population. 

Two  further  experiments  are  described  in  this  report  In  which 
the  effect  of 'ATS  was  extended  to  enriched  Immune  B-cell  populations. 
The  preparation  of  the  spleen,  cell  populations  vas  as  described  in 
a  previous  Annual  Report  (DAJA  37-7 3C— 1620)  and  la  McDonald  and 
Phillips  (1978).  In  brief,  the  dissociated  spleen  oella  vere 
first  passed  through  a  glass-wool  column  at  room  temperature  to 
remove  dead  cells  snd  some  macrophages.  The  oells  which  passed 
through  tha  glass-wool  coluszt  vere  subsequently  incubated  on  a 
nylon  vool  column  at  37°C  for  US  m in.  Vhan  more  n  vaa  then 

run  through  the  eoluan.  the  effluent  oella  vers  predominant  ly  T -cells . 
The  oells  vhioh  remained  in  the  nylon  vool  column  could  be  dislodged 
by  mechanical  agitation  and  these  cella  vere  rich  in  B—aells. 
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l-e«Uf  v«e»  identified  by  their  vulnerability  to  ATS  and  complement, 
and.  B— o alia  by  tba  immunoglobulin  an  tbalc  surface  (McDonald  and 
Pbillipe ,  1978 ) * 

In  tba  first  experiment  with  9  months— old  CBA  mala  mloa  tba 
immune  splaan  call  donors  vara  sacrificed  38  days  aftar  they  had 
baan  reinfected  with  P.  chabaudl.  Tba  normal  splaan  call  donors 
vara  age  matobad  controls  *  For  immune  splaan  oallat  a  population 
subjected  to  glass-wool  filtration  only  (g.v.  ismuna  calls),  and 
onrlobad  T-  and  B— call  populations  vara  prepared.  From  tba  normal 
donors'  splaan  calls  subjected  to  glass-wool  filtration  only  vara 
praparad.  From  oaob  of  tba  four  populations  a  sample  vaa  treated 
with  rabbit  anti-mouse  thymocyte  serum  (Rosa  at  al. ,  1976)  diluted 
1/20  vltb  phosphate  buffered  saline  (PBS)  and  guinea-pig  serum 
diluted  l/3  with  PBS  and  another  sample  with  normal  rabbit  serum 
(NRS)  diluted  l/20  and  guinea-pig  serum  diluted  l/3*  All  tba 
calls  vara  vasbed  three  times  and  injected  i.v»  Into  3i"  months-old 
mala  CBA  mloa  which,  hod  baan  irradiated  with  60Q  rads  X— irradiation 
2l» br  previously .  Booh  mouse  rooalvad  2*3  x.  10°  calls  and  for 

each  population  of  anti— thymocyte  and  normal  rabbit  serum  treated 
calls  a  group  of  six  recipient  mloa  vas  sat  up*  Two  further 
groups  of  nan— irradiated  mloa  vara  sat  up*  Tba  first  group  of  mice 
eaoh  received  0.23ml  l*v»  of  the  supernatant  from  the  calls 
treated  with,  diluted  AXS  and  complement  and  tbs  second  group  the 
same  valutas  of  diluted  normal  rabbit  serum  from  tba  treated  calls. 

All  the  mloa  vara  challenged  vltb  1  x  10-5  P,  chabaudl  i.v.  immediately 
aftar  serum  or  cell  transfer*  The  viability  of  the  calls  aftar 
serum  treatment  vaa  g.v.,  MRS  treated  normal  calls  —  90#,  g.v.  AXS 
treated  normal  oalla  —  6&#,  g.v*  MRS  treated  inmune  calls  —  92#, 
g.v.  AXS  treated  immune  calls  ZtO#,  MRS  treated  enriched  lftmune  T- 
cells  —  75#.  ATS  treated  anriobed  insane  T-colla  —  4#,  NRS  treated 
anrlohad  immune  B— cells  —  78#,  and  AXS  treated  enriched  immune  B— 
cells  78#*  Tbs  mean  perasltaemias  are  given  in.  Figurs  1* 

Surprisingly'  all  tbs  mice  given,  enriched  immuns  T -cells  treated  with 
HRS  died*  Of  tbs  mice  given.  AXS  treated  time  T— cells  3  of  6 
died  and.  ths  survivors  suffered  fluctuating  patent  perasltaemias 
(hiring  tbs  33-day  observation,  period*  All  ths  nd.es  given  NRS 
treated  normal  spleen  cells  died  vbsreos  3  of  ths  6  given  AXS 
treated  normal  spleen  cells  survived  and  also  shoved  pars  is  tent 
fluctuating  patent  perasltaemias  *  The  mean  paraaltaemia  in  the 

mice  given  NRS  treated  enriched  inaoune  B  and  MRS  treated  g.v.  immune 
oalla  followed  a  very  similar  course,  the  majority  of  mice  becoming 
a ub patent  by  day  17.  ATS  treatment  reduo ed  the  protective  activity 
of  both  ths  imaune  B— cell  population  and  the  g»v*  innune  cells. 

There  was  sons  variation,  within,  each  group  but  there  vas  an  indication 
that  the  effect  of  ths  AXS  vas  ths  grsatsr  an  ths  g.v.  immuns  cells, 
lbs  reduced  protective  activity  of  the  treated  oella  vas  evidenced 
as  am  extended  primary  patent  paraaltaemia  and.  the  emergence  of 
reemdesoent  perasltaemias*  The  mean  parasltasffri.es  in.  the  mice 
given,  supernatant  from.  HRS  or  AXS  treated  cells  followed  similar  courses 

hi  a  repeat  experiment  vltb  CBA  male  miae,  the  Immune  spleen 
cell  donors  vase  reinfected  U7  days  before  being  sacrificed,  The 
recipient  aloe  received  §00  rads  X-irrodiatian  24br  before  each 
mouse  received  2,k3  x  10°  oalla  i.v.  Croups  of  six  mJce  vase 
set  up  which,  received  the  same  category  of  treated  cells  as  in  the 
previous  experiment.  Croupe  receiving  MRS  or  AXS.vere  not  included. 
All  the  recipient  aloe  were  challenged  with  1  x  lCr  P.  chabaudl 
parasitised  cells  immediately  after  cell  transfer  vas  completed* 

Xhe  viability  of  the  coll  populations  after  treatment  with  MRS  or 
AXS  UP*  a*  follows  t 
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DAY  POST  INFECTION 


rtcur*  t.  Course  of  p,  infection  in  mics  irradiated  with 

600  rads  and.  injected  i.v.  with  aithar  2.3  *  10  fflase-wool  filtered 
<— m  spleen  cells  treated  with  either  antithymocyte  serum  (ATS) 
(0-0)  or  normal  rabbit  serum  (MRS)  2.3  *  10  immune  B-cella 

treated,  with  either  ATS  (*-•)  or  NRS  (o-o) ,  2.3  x  10  immune  T-cells 
treated  with  either  ATS  (a-a)  or  NRS  (*—*),  or  2.3  *  10  *lass-wool 
filtered  normal  spleen,  cells  treated,  with  either  ATS  or  NRS 

-  ..  (?-*). 
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r.v,  MRS  treated  normal  splMa  cell*  -  94^1  g.v.  AT S  treated  normal 
oells  -  39^j  g.v,  MRS  treated  launa  spleen  oells  -  87^1  g.v*  ATS 
troated  lnount  splaan  oalls  —  29^1  MRS  treat  ad  immune  T  calls  -  96<fi- 
ATS  treated,  immune  T— cells  —  S^j  MRS  treated,  immune  B— oells  —  9<& 
and.  ATS  treated  Immune  B— cells  —  74}6.  Fluorescence  studies  she <ved 
that  the  immune  T  immune,  B  and  g.v*.  immune  cells  contained  2^,  44# 
and  22.5#  immunoglobulin— boaring  cells  respectively* 

the  mean  parasitaemlas  for  each  group  after  infection  are  given 
in  Figure  2.  First,  it  is  noted  that  the  patent  parasitaemia  vas 
not  first  detectod  until  day  8  compared  with  day  3  in  tho  previous 
experiment*  Thus  there  vas  a  longer  period  for  the  host's  immune 
system  to  recover  from  the  effect  of  the  X- irradiation  before 
receiving  the  antigenic  stimulus  from  the  parasite*  The  mice  given 
the  normal  spleen  oells  all  died  with  the  exception  of  a  single 
mouse  in  the  recipients  of  ATS  treated  spleen  cells*  Of  the  nrtoo 
receiving  MRS  treated,  immune  T— cells  4  of  6  mice  survived,  the 
surviving  mice  being  sub  pet  ant  by  day  20  end  thereafter-  remained  so 
during  a  42-day  observation  period*  The  mice  given  g*v.  immune 
oells  or  immune  B— cells  treated  vith  NRS  all  survived  and  bad  similar 
courses  of  parasitaemia* ,  the  infection  in  ail  mice  being  subpatent 
by  day  19  and.  remaining  sor  the  peak  parasitaemlas  in  these  mice 
vere  lower  than  those  of  the  MRS  treated  immune  T-oell  recipients. 
Treatment  of  the  Immune  B— cells  vith  ATS  in  5  of  6  alee  had  no 
significant  offset!  in  the  sixth  mouse  the  primary  patent 
parasitaemia  vas  extended  to  day  33*  The  effect  of  ATS  an  the 
g*v.  immune  oells  vas  more  pronounced!  the  peak  parasitaemia  vas 
elevated  and  the  primary  patent  parasitaemia  vas  extended  to  day 
23/24-  and  in  4  of  the  6  mice  roorudescent  parasitaemlas  appeared. 

The  results  from  these  two  experiments  show  some  similarities 
and.  some  differences*  First,  the  g.v*  immune  and  immune  B— cell 
populations  treated  vith  MRS  protected,  the  600  rad.  irradiated  mi 00 
to  a.  similar  degree  which  followed,  earlier  results  (McDonald  and 
Phillips,  1978,  and  previous  Annual  Reports),  suggesting  an 
important  rols  for  both  T  and.  B  memory  oells.  The  effect  of  the 
enti— T-oell  serum,  in  reducing  the  resistance  oanferred  an  the 
recipients,  vas  moro  marked  on  the  g.v*  immune  cell  recipients 
vhoih  vas  to  be  expected,  in  view  of  the  higher  proportion  of 
T— cell#  in  the  g.v,  immune  oell  population  when  compared  vith  the 
laesaie  B— oell  population*  The  immune  B— cell  population,  in 
particular,  contained  unidentified  cells,  which  may  have  inoludod 
erythrold  oell  precursors  (Freeman  and  Pariah,  1978)  playing  no 
port  in  the  reslatonoo  conferred  an  the  recipients .  These 

unidentified,  cells  may  have  a  role  In  Immunity  and  need  to  be 
investigated*  Th  the  first  sxpsrlment  the  Immune  T-oell  recipients 
were  not  protected*  In.  previous  fractionation  experiments  the 
protective  effect  of  the  immune  T-oell  population  could  be  reduoed 
by  increasing  the  irradiation  dose  of  the  recipients  from  6 00  to 
800  or  850  rads*  It  may  be  that  tha  recipient  mice  in  this 
experiment  inadvertently  received  a  dose  greater  than  6 00  rada 
or  were  particularly  sensitive  to  tho  irradiation*  In  the  eeoand 
experiment  the  enriched  immune  T-aells  gave  protection  marginally 
less  than,  that  associated  with  the  g.v*  Immune  oells  aid  treatment 
with.  anti-T-oell  serum  almost  abolished  their  protective  activity. 

In  oonolnaion  these  two  experiments  confirm  a  role  for  both  T-  end 
B— oells*  Prsaumably  T  and  B  memory  oells  vere  being  transferred 

because  the  oell  donors  vere  sacrificed  47  and  58  days  after  their 
lost  reinfection*  Work  under  the  present  grant  suggests  that  at 
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Figure  2.  Course  of  P.  Infection  in  mice  irradiated  with 

600  rade  and  injected  i.v.  with  either  2.2*5  x  10^  glass-wool 
filtered  Imune  spleen  cells  treated  with  either  anti thymocyte  serum 
(ATS)  (•■  •)  or  normal  rabbit  serum  (NRS)  (o«o)f  2.2*5  *  10^  insnune 
B-cell»  treated  with  either  ATS  (A —A)  or  NRS  (*•*)»  2.2 *5  x  10** 
immune  T-cells  treated  with  either  ATS  (a— a)  or  NRS  (•—•),  or 
2.2*5  x  106  glass-wool  filtered  normal  spleen  cells  treated  with 


either  ATS  (*«e)  or  NRS  (w— ▼) . 


this  tin*  the  donor  mioe  vara  not  inf oc tod  and  that  antibody  production 
dotactad  aa  protective  antibody  or  by  tha  indiroot  fluorescent  taat 
(IF AT) ,  van  minimal* 


Previous  work  (McDonald  and  Phillips ,  198O)  suggests  that  nmnrng 
tha  lnama  T-colla  ore  helper  call  a  which  induce  protaotlva  antibody 
by  tha  few  contaminating  B— oells  in  the  Ingram  a  T—oall  population 
or  more  likely  by  those  B-oells  which  survived  irradiation,  and  those 
produced  by  the  recovering  inammo  system  in  the  irradiated  mice. 

The  rate  at  which  the  inasune  aye  tea  of  irradiated  CBA  mice 
recovers  after  600  rads  X- irradiation  was  examined  in  one  experiment. 
Four-man tha  old  male  CBA  mioe  were  irradiated  with  600  rods  20,  12, 

8,  k  and  1  day  before  being  Injected  with  an  i.p.  injection  of 
1  x  10s  sheep  red  blood  cells  (SRBCS).  The  irradiated  mice  were 
not  given  any  spleen  cells  from  nan- irradiated  mice.  A  group 
of  non— irradiated  mice  also  received  aheap  red  colls.  Ten  days 
after  receiving  spleen  cells  the  mice  were  bled  out  and  the  level 
of  entl-eheep  red  call  antibody  measured  using  a  haemagglutinatian 
test*  The  results  shoved  that  the  mioe  irradiated  1,  k  and  8  days 
before  receiving  sheep  cells  made  very  little  detectable  antibody* 

With  on  increasing  interval,  thereafter,  the  aloe  shoved  an 
Increased  ability  to  produce  anti-SBBCS  antibody  hut  even  20  days 
after  Irradiation  the  mioo  had  antibody  levels  which,  were  still 
less  thou  half  of  those  in  the  oantrol  mice.  In  relation  ~o  the 
cell  transfer  studies  these  observations  show  that  the  600  rad 
Irradiated  mice  have  an  immune  system  which  Is  itself  capable  of 
production  of  lav  levels  of  antibody  but  which  after  20  days  is 
still  performing  veil  below  that  of  the  control  mioo.  Thus  the 
protection  given  by  immune  cells  to  irradiated  mice,  at  least 
that  mediated  through  protective  antibody,  would  be  expected  to 
come  from*  in.  large  measure*  the  transferred  cells  rather  than  the 
recipients  own  immune  system*. 

In.  the  current  experiments  the  role  of  individual  subsets  of 
T— colls-  is  being  st» mined,  in  particular  the  role  of  helper  oells, 
cytotoxic  T-colla  end  T— cells  mediating-  cell-mediated  immune  responses. 

Two  further  transfer  experiments  vero  carried  out  hut  the 
detailed  results  are  not  given.  These  experiments  were  carried 
out  because  there  was  a  period  when  Irradiated  mice  were  dying 
unexpectedly  after  cell  transfer  and  challenge.  in  the  first  of 
these  experiments  with  CBA  mice  sploen  oells  cause  from  mioo  99  days 
after  reinfection  and  populations  of  g.w.  immune  spleen  oells, 
enriched  immune  T  spleen  cells,  enriched  immune  B  spleen  oells  and 
g.w.  normal  spleen  oells  were  injected  into  syngeneic  600  rod  6 
irradiated  or  non— lxradiat ed  mioe*  Saab,  mouse  received  3,5  x  10° 
cell*  l*v*  end  Immediately  afterwords  1  x  1CP  SlUtitfcSCaSLL  parasitized 
cell*  i*v*  In  all.  tha  ados  tha  parasite encis  was  slow  to  develop. 

In  irradiated  and  noo* irradiated  aloe  tha  different  immune  cell 
populations  were  equally  effective*  The  parosltaescLas  were 
extended  la  the  Irradiated  mioe.  In  the  seoend  experiment  spleen 
oells  asms  from  CBA  female  mioe  *05  days  sftsr  reinfection.  g.w* 
Immune  or  normal  spleen  oells  were  tnjeoted  i.v.  into  6 00  rad 
irradiated  or  a  on- Irradiated  syngeneic  recipients,  eac_.  mouse  - 
receiving-  3  x  10®  oells*  Ths  aloe  were  challenged  with  1  x  103 
p.  gfcjjfemy  parasitized  red  oells  i.v.  immediately  after  oell 
transfer.  Again  the  paxasitaeadas  la  tha  nan-irradiated  aloe  were 
lower  than  Is  usual  sad  tha  oourae  of  ths  primary  patent  perasltaealas 
in  the  laoamo  sad.  normal  spleen  oell  recipients  followed  essentially 
similar  courses*  In  the  Irradiated  aloe*  however*  the  ismuse  oell 


recipients  had  patent  paraaitn — i as  of  a  duration  to  tbat 

In  the  nan— trrediated.  but  marginally  Mghtr.  In  the  irradiated 
mica  tbo  recipient#  of  nan  t— «  oalla  bad  extended  and  aignif leant ly 
noxa  aouto  pat ant  paraaltaagl  «i .  Thaao  tvo  arparinanta  Illustrate 
tbs  aomerwhat  variable  raaponaa  of  nloa  to  Irradiation,  tbs  variable 
pro toot lorn.  given  by  lonuat  aploan  oalla  from  dlffarant  groups  of 
recovered.  nloa,  but  do  oanflrn  tbs  raJ.ua  of  using  irradiatad  nloa 
for  daaonatrating  tba  pro tact Ira  activity  of  1  imam  a  calls. 
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lnfaotlana 


(witb  X.S.  Morton) 

V or  Icing  in  ouae  rsaaarob  group  during  tba  o  cm.  tract  period  a  final 
Honours  year  studant  (Mias  A.S.  Morton)  oarrlad  out  a  snail  project 
examining  tba  aff  sot  of  uon^spaolflo  HBS  atlnulatora  an  rod  ant  malaria 
inf  act  lona.  13u  rasulta  vara  of  Intaraat  and  ars  briefly  raportad 

bars.  Tba  atinulanta  us ad  vara  prlatana  (2,  6,  10,  Ih— tstranathy] - 
pantadaoana)  which,  la  an  oil,  Trend1  a  oomplsta  (FCA.)  and  freund*  a 
incomplete  adjuvant  (ru),  both  baing  anulalflad  with  an  equal  voluaa 
of  phoaphsta  buff ar ad  aslina  baf ora  inj action,  and  dlatbylatllbaatrol 
(DBS)  which  was  dlssolrod  In  ooa  oil  at  a  oonoantratian  o'  Iing/ml. 

Priatano 

Groups  of  A2G  nloa  vara  in jactod  l.p,  with  O.Jnl  prlatana^lO, 
k  or  2  days  or  10  min  baf  ora  baing  obnllaaigad  l.p.  with  1  z  10 
P.  voalll  poraaitlsad  rod  oalla,  X  further  from  were  given  priat . 
k-  days  bof  ore  tbs  nice  vara  injected.  with  1  x  10®  parse i tie od  rad 
cells  i.v.  Control  groups  were  given  saline  l.p.  and  challenged  icp 
or-  i.v.  Tba  mean  paroaltaesdos  of  each  group  abawed  tbat  tbs  early 
rise  in  patent  parasitaani  a  van  aignif  loantly  delayed  In  tba  nloa 
given,  prlatana  2  days  before  infection!  an  days  3  and  &  of  inf  action 
tha  paroaltaania  was  aignif loantly  lover  (P>0,05 ) .  Prlatana  given 
10  min  before  challenge  bad  no  effeat  suggesting  that  this  subs tame • 
bad.  no  significant  direct  anti-pcraaltlc  activity. 


Groups  of  *▲'  strain  nloa  vara  injected  with  0.23ml  of 
anulalflad  PCI  l.p.  10,  5  or  3  days  before  an  l.p.  challenge  with 
1  x  10®  P.  ni« lit  parse!  tig ed.  arythroeyfeaa .  Another  group  of  nloa 

given  soul*  if  led  PCX  vers  similarly  challenged  intravenously  3  days 
after  receiving  tbs  adjuvant*  Control  groups  vers  given  0»25ati. 
online  l.p.  and  nbsl  1  an  gad  l.v.  or  l.p.  Tbs  naan  parasitaani.  s  s 
am  shown  In  Plgum  3  vbars  it  oan  be  seen  that  tba  onset  of  tba 
patent  parasite sari. a  was  a lgnlf loont ly  delayed  In  tba  nloa  given 
tba  PCX  and  obnllangad  l.p.  Tbs  longest  delay  was  in  tha  adLoa 
given  PCX  3  days  bsfors  challenge,  followed  by  tba  day  ^5  group 
and  laast  delayed  were  tbs  day  vlO  PCX.  group.  Tbs  group  given 
PCX  3  days  befora  an  l*v.  challenge  bad  a  parasitaani*.  which 
followed  tbat  of  tbs  control  groups. 


Xa  a  second  experiment  groups  of  C37B1  nloa  vara  given  0.23aO. 
anulalflad  PCX  or  PXX  3  days  before  l.p.  challenge  with  1  x  10® 

parasitised,  rad  oalla,  X  further  group  received  0.25ml 
aaailslfisd  PXX  5  uln  bsfors  an  l.p.  o ha!  Tange  with  P-  m.i  1  i  . 
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Control  group*  again  r»o«iv»<j  saline  i.i>.  nad  challenged  l.p.  or 
i.v.  Th*  moan  paraaitasmiaa  showed  that  th*  onaot  of  th*  patent 
paras i taenia  va a  again  delayed  In  tha  mio*  g Ivan  emulsified  FCA 
or  FIA  3  days  bafora  ohwl  1  anga  and.  that  tha  a  our  a  a  of  tha  paraeitaemia 
In  tha  tvo  group*  waa  similar.  Tha  oouraa  of  tha  paraaitaemlas  in 
tha  control  group*  and  th*  nloa  given  FIA  3  min  bafora  challanga 
followed  similar  o  ours  a  a »  It  would  appear,  therefore,  that  the 

FIA  had  no  si  gn.1  f leant  dLirootly  antiparas i tic  activity-  «md  that 
FIA.  and  FCjL  war*  equally  active. 

In.  a  third  azparlaant  groups  of  A  strain  micegwere  given  0.25rv 
omuls  if  lad  FIA  5  day*  bafora  ohallang*  with  1  x  10°  P , 
parasitized  red  cells .  The  mice  vara  chal longed  i.p,  with  either 
ring  stages  or  late  trophozoite  stage*  of  tho  parasite.  A  further 
group  of  adjuvant  treated  mice  were  challenged  i.v.  with  late 
trophozoite  stages.  Control  groups  recsived  0.25ml  saline  i.p. 
and  challenges  ware  made  i.p.  or  i.v.  with  ring  or  late  trophozoite 
stags*.  The  results  shoved  that  th*  onset  of  the  patent  perasitaemla 
was  delayed  by  3—4  days  in  th*  mice  given  FZA  end  challenged  i.p. 
and  th*  length,  of  th*  delay  was  th*  same  in  tha  aloe  infected 
vith  ring  stag* a  and  late  trophozoites •  In  th*  mloe  given  FIA  but 
challenged  by  tha  i.v.  route  th*  porasitaamia  followed  that  of  th* 
controls .  Thus  th*  antiparas itic  activity  of  tha  FIA  appeared 
to  be  confined  to  tha  peritoneal  cavity  and  that  different  stages 
In  th*  asexual  growth  cycle  In  th*  rad  blood  calls  war*  eqv  lly 
vulnerable  to  tha  antiparaaltlc  effects  indue od  by  th*  adjuvant. 

^  Th*  non— specific  stimulatory  activity  of  pxf atone  and  emulsified 
FIA  was  investigated  by  examining  tha  in  vitro  uptake  of  sheep  red 
cells  ( SRBCS)  by  macrophages  from  the  peritoneal  cavity  of  stimulate? 
and  control  mica.  A  strain  mice  war*  injected  l.p.  with  0.5ml 
of  prist  ana,  0.25mA  emulsified  FCA,  or  0.5mA  saline.  Three  days 
later  peritoneal  exudate  cells  were  collected  by  peritoneal  lavage 
with.  RIMI  1640  medium  containing  20mM  Hepoa  and  20  units/ ml  heparin. 
Tha  peritoneal  cells  were  washed,  resuspended  in  RPMI  1640  (containing 
20mM  Hop**  and  5 &  foetal  oaAf  serum)  to  a  concentration  of  1  x  10 '/ ml 
and  ana  millilitre  of  th*  call  suspension  put  into  Leighton  tubas 
with,  flying  covers  lip  a*  Th*  Leighton,  tubes  ware  incubated  at  37  °C 

for  30  min  at  the  end  of  which  time  th*  medium  was  removed  from  tha 
tubas,  removing  th*  non -adherent  cells,  ondgreplaced  vith  one 
nit 11  .litre  culture  medium  o an twining  1  x  10°  washed  sheep  red  cells. 
Th*  tuba*  wore  incubated  for  a  further  2 hr  at  37°C,  At  th*  and  of 
this  sac  and  incubation  period  th*  covers  lips  ware  washed,  air-dried, 
fixed  in  mo  thane  1  and  stained  vith  Crismaa's  stain.  The  stained 
macrophage*  vers  then  examined  and  the  percentage  of  macrophages 
in  15  oil  immersion  field*  containing  ingested  red  colls  was 
calculated.  It  vaa  found  that  US%  and  3k%  of  th*  maorophages 
from  FCA.  and  pristana  treated  mio*  respectively  contained  ingested 
red  cell*  oompared  vith  14^  In  tha  control  macrophages  indicating 
that  th*  stimulatory  substance*  had  incraasod  macroptaag*  activity. 

£a  view  of  the  fact  that  it  1*  known  that  immunity  to  P.  woe  Hi 
end  p-  1*  in  part  at  least  mediated  through  antibody  and 

that  phagocytosis,  of  parasites  and  parasitized  red  oells  i*  seen, 
to  occur  in  infeoted  animals,  probably  in  pert  mediated  by 
opsonizing  antibody-  (Hamburger  and  Erolsr,  1976),  it  was  decided  to 
examine  th*  o cabined  effect  of  antibody  and  pro— treatment  with 
oanlaifled  FIA  on  th*  oours*  of  a  P.  voeii-c  «nd  p.  ahchni.d;  infection. 
Xmn ibis  serum  was  collected  from  mica  which  had  recovered  from 
infection,  with  one  of  the  two  parasltea  end  had  been  reinfected  with 
the  same  parasite  17  to  42  days  before  the  serum  was  collected. 

Ex  th*  flsat  of  thas*  experiment*  group*  of  C57B1  mio*  wer*  given 
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0.25ml  of  emulsified  FIX  (3  groups )  or  saline  ( 2  groups)  i.p.  3  days 
bsfors  oha  1 1  ange  i.p.  with.  1  x  10°  P.  vooli.1  parasitized  rad.  calls. 
Immediately  after  infection  a  group  each  of  FXA  aad  saline  treated 
mica  were  given  0.3&1  lame  serum  i.p.  A  further  group  each  of 
FIA  and.  saline  treated,  nice  received  0.3ml  normal  serum  i.p.  The 
third  group  of  FIA  treated  mice  received  the  challenge  inooulum  only  , 
The  results  shoved  that  from  days  3  to  7  inclusive  the  patent 
parasitaemias  in  all  the  mice  receiving  FXA  aad  in  the  mice  given 
immune  serum  and  pretreatment  with  saline,  wore  significantly  1  over 
(P>0.05)  than  that  in  the  mioo  pretreated  with  saline  subsequently 

given  normal  serum  or  saline  after  challenge.  On  day  8  but  not 
day  9  the  porasitaemla  in  tho  mice  pretreated  with  FXA  and  injected 
with  immuno  serum,  vas  significantly  lover  than  all  the  other  groups. 
Xa  the  second  experiment  of  this  pair  the  same  protoool  vas  followed 
except  that  A2G-  mice  vere  used  and  that  0.7ml  immune  or  normal  serum 
ires  injected  after  a  challenge  inoculum,  of  1  x  10°  P.  chabaudi 
parasitised  rod  cells.  The  results  vere  essentially  the  samo  as 
those  of  tho  first  of  these  two  experiments.  Xa.  all  mice  the  pre- 
treatment  with  FXA  and  lajeotiona  of  immune  serum  in  saline  pretreated 
mice  delayed  the  onset  of  the  patent  parasltaemla.  In  mice  pare— 
treated  with  FXA  and  injeoted  with  Immune  serum  the  course  of  the 
patent  parasltaemla  ms  delayed  by  a  further  day  compared  with  the 
atiae  given  adjuvant  or  inmune  serum  alone.  This  pair  of  experiments 
suggested  that  there  vas  an  additive  antiparaaitio  offset  of  the 
FXA  and  the  immune  serum  but  no  good  evidence  of  &  synergi  tlo 
effect  which  might  result  from  the  presence  of  activated  macrophages 
and  opsonizing  antibody. 

Diettarlstilbestrol 

Groups  of  C57BI  mice  vere  injeoted  i.p.  with  lag  DBS  in  0.25ml 
com.  oil  k  days-,  1  day  or  10  ndn.  before  an  l.v.  challenge  with 
1  x  10°  P.  chabaudi  parasitized  red  cells.  Control  mice  received 
0.25ml  corn,  oil  k  days  or  10  min  before  the  l.v.  challenge.  The 
result*  of  this  single  experiment  vere  lnoonoiuelve.  In.  all  the 
mice  pc  ale  paraaitaeoia  occurred  an  day  8  after  which  the  parasltaemla 
vent  into  randLslan.  Between,  days  11  and  18  the  mice  given  com 
oil  10  min  before  challenge  shoved  a  significant  recrudescence  with 
the  parasltaemla  reaching  a  mean  of  28%i  in  none  of  the  other  groups  , 
i.e.  the  IMS  treated  mice  aad  the  day  -4  com  oil  control,  did  the 
rocrudosoent  parasltaemla  go  above  7%t  in  all  groups  apart  from  the 
DBS  day  —1  group  the  reorudesoemt  parasltaemla  remaining  below  2%. 

Xa  conclusion  it  can  only  be  tentatively  suggested  that  the  CBS 
given  one  day  and  5  ndn  before  c  hall  sngo  may  have  reduo  ed  the 
reorudeeoent  parasitaemias  and  that  corn  oil  alone  given  an  day  -4 
may  have,  had  an  anti  parasitic  effect  even,  though,  the  challenge 
infection,  wo*  given,  l.v. 


Pristane,  FXA  and  FCA  when  injeoted  intraporitaneally  all  gave 
nd.ee  aosm  protection,  against  an  i.p.  challenge  with  P^  or 

P.  The  effect  of  the  pristane  vas  shorter  lasting  than 

that  associated  vith  the  other  two  agoats  when  given  in  tho  quantities 
used.  The  resulting  antiparaaitio  activity  appeared  to  be  ooafined 
to  tho  peritoneal  cavity  because  treated  aloe  challengod  l.v.  vere 
not  protected.  The  three  agents  In  themselves  did  not  appear  to  have 
any  antiparaaitio  activity  beoause  mice  which  vers  challenged  i.p. 
iMSdlately  after-  Injection  of  pristan*  or  FXA  had  a  course  of 
infection,  which  followed  that  in  the  oontrols.  The  results  suggested 
that  th*  optimal  effect  was  obtained  when  the  stimulatory  agent*  vero 
given.  2—3  days  before  the  mioe  vere  infected.  In.  od.ee  Injected  vith 


•ithar  prlitis*  or  snu-Iai-f l*d  FCA  a  greater  proportion  of  the 
macrophages  oolleoted  3  days  later  vara  shown  to  have  nan— apaclflo 
phagocytic  aotivity ,  suggesting  macrophage  activation*  It  la 
likely,  ther  afore,  that  an  increased  phagocytosis  of  parasitized 
rad  coils  which  Initially  r  a  suit*  in  a  aalU.tr  mtahar  of  poraaltaa 
establishing  in  tha  circulation,  would  occur  In  tha  pratxaatad 
■lea*  All  tha  mouse  atralna  used  vara  inbrad  and  ohallamges 
vara  made  with  infected  rad  oalla  of  tha  same  strain  of  mouse  aa 
tha  recipient  nd.cs.  Removal,  of  tha  lnfeoted  rad  oalla  by 
phagocytosis  In  tha  peritoneal  cavity  of  tha  pretreated  mice 
vould,  therefore,  be  expected  to  Involve  the  recognition  of  some 
alteration  of  tha  paraaltlzad  red  cell  vhlch  vould  allow  It  to  bo 
distinguished  from  the  nan-infected  ayngenelo  red  cells* 

Expression  of  parasite  antigen  on  or  Inserted  into  the  red  cell 
membrane  is  associated  with  a  maturing  asexual,  parasite*  For 
example,  the  agglutination  of  P.  fifltjrwleai  Infected  red  calls  by 
iirnsma  serum  only  occurs  when  tha  parasite  has  reached  tha  late 
trophozoite/ achizont  stage  (Brown  and  Brown*  1965)*  Vhan  the 
effect  of  pre-treatment  of  mice  with  FXA  on  ring  stages  and  lata 
trophozoite  stages  of  P-  nhabatid.i  was  compared,  however,  the 
onset  of  the  patent  parasitaemla  was  similarly  delayed  In  both 
oases*  In  repeating  this  of  experiment  It  would  be  better 

to  include  groups  challenged  with  very  young-  stages  and  achizont— 
lnfeoted  red  cells.  Tosll  (1966)  described  the  protective  effeots 
of  four  Injections  of  TCA  l*p*  before  mice  were  infected  with 
a  lethal  dose  of  Pn  by  the  same  route*  He  attributed  the 

protective  affect  of  the  FCA  to  a  non-specific  stimulation  of 
the  RES  In  general  whereas  it  Is  very  likely  that  the  proteotlve 
activity  was  confined  to  the  peritoneal  cavity  and  was  dependent 
an  challenge  via.  the  lntxa-perltoneal  route* 

Cottrell  at  al*  (1977)  described,  the  proteotlve  effect  of 
Img  of  dlethylstllbeatrol  given  a  few  hours  before  on  i*v.  challenge 
with  either  P.  vinokei  or  Babesia  In.  the  oase  of 

P.  vinckel  the  proteotlve  effect  of  the  HES.  was  to  delay  the-  onset 
of  the  primary  patent  parasitaemla*  It  is,  therefore,  surprising 
that  a  similar  dose  of  DES  had  no  obvious  protective  activity 
against  Ft_v£flg£gt,  a  parasite  in  many  reapeota  similar  to 
P.  vickai  but  lass  virulent* 


The  effect  of  concurrent  Infections  of 

on  Pj^lgha^d.^  end  Babeal^m^cj^gt^  infections 


The  following  experiment  was  carried  out  in  collaboration  with 
Dr  I*N*  Brown  (St  Mary's  Hospital  Medical  School,  London)*  The 
induction  of  non-epeclflc  resistance  in  mice  to  rodent  ploemodia 
and  giro  pis  a  me  by  prior  administration  of  agents,  such  as  BCG 
(Clark  at  el. .  1976),  Corynebacterlun  parvum  (Clark  et  al..  1977) 
end  Coxlella  Wnettl  (Clerk,  1979),  has  been  described .  The 

basis  of  this  resistance  has  been  explained  in.  terms  of  the 
production  of  a  soluble  non-antibody  agent  which  mediates  the 
killing  of  the  perasltlzed  oells* 

£1  this  experiment  the  effect  of  prior  inf  action  of  CBA 
mioe  with  the  intracellular  bacterium  causing  murine  leprosy 
M.  laoraewurlum  (l-OM)  on  P.  chabaudi  and  B.  microti  infeotlon  la 


dssorlhed. 
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Female  CBA  mice  were  infected  with  a  standard  inoculum 
of  1  x  10s  M.  lepr^ynrr-ir^  i.Y.  79 »  107*  123  or  151  days  before 
an  i.v.  challenge  with  1  x  10°  P i  "fat^A-cdl  parasitized  calls. 

X  control  group  of  mica  received  the  saaa  pi  <rt>lt?1VTiU  Inf  acting  g 
Inoculum.  In.  another  experiment  slice  vara  infected  with.  1  x  10 
B.  mioroti  infected  rad  cells  i.v.  HU*  172  or  188  days  after 
infection  with  M.  1  enraemurium. 

The  parasitaemias  following  challenge  with  P.  ohabaudi  are 
given,  in.  Figure  k.  Prior  infection,  with  MLM  modified  the 
course  of  the  P.  ehahouiH  infection. 

In  the  controls  the  primary  patent  parasitaemia  showed  two 
peaks  around  days  8  and  19  and  when  smears  were  discontinued 
on  day  35  a  further  recrudescence  was  just  appearing.  The  effect 
of  the  HIM  was  to  delay  the-  onset  of  the  first  recrudesoenoo*. 
to  the  greatest  extent  in  the  day-  107  nd.cs*  followed  by  day-  123 
and.  79  and  least  protected  were  the  day-  151  nioe*  On  day  28 
after  P.  ohabaudi  infection  all  the  slice,  together  with  nano- 
infected  control*  were  injected  i.p.  with  0.2ml  of  a  3%  suspension 
of  sheep  red  cells  (SRBCS).  The  mice  were  subsequently  killed 
7  or  10  day*  later  their  serum  collected  and  the  levels  of  anti— 
SRBCS  antibody  determined.  The  results  showed  that  there  was. 
small  elevation,  in  the  antibody  levels  in  the  days  79*  10 7  and 
123  MLM  mice  over  the  P.  ohabaudi  controls,  the  day  151  1  1M  mice 
and  the  non— infected  controls . 


After  challenge  with  B.  microti  all  the  MLM  infected  ado# 
demanatrated  strong  resistance  to  the  parasite.  Some  mice  in 
all  MLM  groups  shoved  no  parasites  and  la  others  there  waa  a 
low  level  short— lasting  patent  parasitaemia.  The  control  mice 
suffered  a.  typical,  acute  B.  microti  inf  action. 


The  protective  effect  of  the  MLM  infection  waa  slgnifoantly 
greater  against  B.  microti  than  against  p,  £md-  waa 

uniformly  effective  in  all  groups  against  the  former  but  not 
against  P-  -  Against  P .  chnfraudl  the  protective  effect 

was  not  to  delay  the  onset  of  the  patent  parasitaemia  but  to 
rolnforoe  the  developing  Immune  response  in  the  infected  mice 
and  prevent  the  first  recrudescence  seen  in  the  control  mice. 

That  is,  the  control  of  the  malaria  infection  waa  a  combination 
of  a  specif lo  and  nan-speciflo  antimalarial  response.  The 
protective  activity  of  the  MLM  against  P.  ohabaudi  appeared  to 
increase  with  time  after  infection  reaching  a  maximum  around 
107-123  days  after  infection  with  MLM  and  thereafter  declined. 

In  the  MLM  infected  mice*  after  intravenous  Inoculation,  of  the 
organisms,  the  bacterium  preferentially  Invade*  the  lymphoid, 
organs.  Aa  the  infection  develops  there  1*  a  progressive 
depletion  of  lymphoid  cells  and  replacement  by  macrophages  in 
tho  thymus  and  In  the  lymph  nodes  a  replacement-  of  the  imrnuno— 
blasts  in  the  T  dependent  areas  also  with  maerophages  (Ptak 

»i--  1970).  Cell-media tod  immune  responses  to  heterologous 

antigens  are  severely  impaired  fPtsk  et  al. .  1970*  Bulloetc  et  al. , 
1977)  but  antibody  responses  are  not.  Although  the  rele  of 
cell-nediated  responses  in  Immunity  to  P. 
clear-  it  may  be  that  in  the  later  stages  of 

the  aon-epeoif io  resistance  to  P.  ohabaudi  resulting  from  the 
MLM  infection  is  reinforced  to  a  lesser  degree  by  an  impaired 
specific  (cell-mediated)  immune  response. 


.c2y£j|]3Al.  a-e  not 
>f  the  MLM  infection. 


CONTROL 
MLM  PAY  -  79 


Course  of  P.  ofrabaudi  infection  in  mice  previously  infected  with  Mycobacterium  lenraemurium 
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CorvnebacteriUT"  uerrom  and.  BCG,  which  both  gave  substantial 
if  not  oomplete  resistance  to  B.  microti  (Clark,  at  al. .  1976,  1977) 
war#  found  by  thaaa  workers  to  bs  lass  effective  against 
or  P.  viackei.  MLM  Infaction,  gave  tha  Sana  overall  result.  The 
wain  target  calls  of  the  non— specif io  immune  response  generated 
by  BCG,  C.  oarvum  and  other  agents  (Cox,  I960)  is  thought  to  be 
rapidly  dividing  parasites  within,  the  red  cells *  Xt  is  not 
generally  thought  that  these  agents  stimulate  or  act  in  a  co¬ 
operation  with  the  specific  Immune  response  but  induoe  the  formation 
of  a  soluble  non— antibody  factor  which  directly  or  indireotly 
produces  intracellular  damage.  The  experiments  with  MLM  suggest 
that  the  effect  on  B«  microti  may  be  mediated  through  a  non-specific 
mechanism,  such  as  a  non-antibody  soluble  factor.  For  P.  chabaudi. 
however,  this  may  not  be  the  case  because  the  antimalarial  activity 
was  not  significant  until  after  peak  parasitaemla  when  the  primary 
specific  immune  response  to  P.  chabaudi  was  underway*  Xt  could 
be.,  that  that  MXM  had  an  adjuvant  effect. 


The  effects  of  irradiation  on  the  acquired  immunity 
to  P.  chabaudi 


In  on  investigation,  of  the  mechanisms  through  which  the-  Infected 
mouse  removes  infected  cells  the  effect  of  irradiation  at  different 
times  during  the  course  of  an  infection,  an  the  ability  of  mice  to 
control  their  infection  or  a  challenge  infection  was  examined* 

In  the  first  experiment  female  NTH  mice,  5  months  old,  wore 
infected  with  1  x  1<P  P.  chabaudi  parasitized  red  cells  i.v,  and 
divided  into  seven  groups  of  six  mice*  Groups  of  the  mice  were 
Irradiated  with  600  rads  X— irradiation,  on.  days  3,  6,  8,  10,  13  or 
17  after  Infection*  One  group  was  left  nan— irradiated*.  All  the 

irradiated  mice  ware  given  torranlcin  in  their  drinking  water  for 
the  duration,  of  the  experiment*  The  mean,  parasitaemlas  for  the 
seven  groups  axe  shown  in  Figure  5»  The  parasltaesxla  became  patent 
by  day  2*  In  the  ndoo  irradiated  an  day  3  (Group  l)  two  mice 
died  an  day  11  and  a  third  mouse  on  day  16  when  the  parasitaemla 
was  declining.  In  this  group  the  acute  phase  of  the  parasitaemla 
was  delaved  by  one  or  two  days  compared  with  that  in  the  controls 
(Group  2)  t  in  the  surviving  mice  the  parasitaemla  became  subpatent 
before  that  in  the  controls  and  the  roorudosoent  parasitaemla 
(days  19—27 )  emerged  before  that  of  the  controls  (days  24—33) 
and  was  more  sevore.  Unfortunately  mi  the  mice  Irradiated 
an  day  6  (Group  3),  two  days  before  peak  parasitaemla  in  the  controls, 
eventually  died*  Two  of  these  aloe,  however,  survived  to  day  17 
and.  20  and.  in  these  two  scLoe  the  course  of  tha  pares itaemia  up  to 
death  followed,  that  of  tha  controls*  None  of  the  mice  irradiated, 
an  day  8*  peak  parasitasmla*  subsequently  died.  The  primary 
patent  pnraai taenia  in  these  mica  followed  that  of  the  oontrola 
hut  tha  reoruda scent  pamsltasmla  appeared  more  quickly  (days 
17-24)  than  that  in  Groups  1  and.  2.  In  Group  5  aloe,  irradiated 
an  day  10,  the  decline  in  the  primary  pasasltasmla  was  arrested* 
and  subsequently  the  parasitaemla  rose  again  before  becoming 
subpatent  on  days  19/20*  at  the  same  time  as  tha  oonirols*  Two 
of  Group  5  mice  died  when  their  infections  ware  subpatent 


Figure  5.  Course  of  P-  chabaudi  infection  la.  ole*  Irradiated  with. 

600  rad*.  on.  althar  day  3  $••“*) ,  day  6  (a  c) ,  day  8  (0— 0) ,  day  10  (^— «e) 
day  13  (•-»*)  or  day  17  (*•*)  after  infection..  Non— irradiated 

mice  (•*•)  . 
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in  the  r*Mlaia«  od.o#  th*  rMrad mo«oo«  wee  delayed  in  it* 
tpMtitnot  when,  ooeptr^d  with  the  oontrolf  •  It  the  mice  Ixndl eted 

on.  day  13  (Group  6),  when,  the  parasitaemia*  were  only  Juat  patent, 
the  patent  perasitaeml*  was  extended  and  roae  again  before  becoming 
sub  pa  tent  on  day  21*  Again.  in.  thee*  aloe  the  onset  of  the  —in 
reorudes o an t  paraa it aensia  was  delayed  (onset  days  29^35 )•  Finally , 

in  Group  7,  irradiated  on  day  17,  a  low  persistent  and  usually 
patent  parasitaeaia  followed  which  developed  into  more  substantial 
recrudescences  around  day  33 •  In  summary t  th*r*for*»  the  effect 

of  irradiation  was  dependent  on  the  time  it  was  given.  Irradiation 
before  or  on  peak  parasitaamla  did  not  extent  the  primary  parasitaemia 
but  precipitated  a  premature  recrudescence.  Where  irradiation  was 
delayed  until  the  primary  parasitaemia  was  going  into  remission, 
the  decline  in  the  parasitaemia  was  arrested.  Thus  between  day* 

10  «"<*  17  mechanism,  through  which,  the  parasite  i*  removed  may 
include  a  radiosensitive  component  although  it  may  be  significant 
that  in  thee*  mice  the  arreat  in  the  decline  of  the  peraaitaaerl. a 
was  not  inaaediata  but  was  evident  on  the  second  day  after  irradiation. 
Thus  the  mechanism  through  which  the  parasites  ere  removed  may 
itself  not  be  radios  enaitive  but  acme  immediate  procures  or  of  this 
process ,  such  aa  macrophage  precursor  cells. 

tw  the  second  experiment  not  only  were  the  infected  mice 
irradiated  with  6 00  rads  at  different  times  during  the  inf  otlcn 
but  a  number  of  mice  in  each  group  were  re  inf  eo  ted  with  a  large 
intravenous  challenge  of  P .  chabaudj  inf acted  red  cells.  Eighteen 
weeks  old  female  CBS.  ado*  were  Infected  with  1  x  1CW  P.  chabaudi 
Infected  red  cells  and  divided  into  seven  groups  of  nis»  ndoe.  On 
each  occasion  within  each  group  of  nine  mice,  three  ndoe  were 
irradiated  and  reinfected  with  approximately  J— 7  1 Oa  parasitised 

cells  i.v».  three-  ado*  were  Irradiated  and  not  reinfected  and  th* 
remaining  three  mice  were  reinfected  only.  One  or-  two  uninfected 
ado*  of  th*  same  age  and  sex  aa  th*  experimental  ado*  received 
th*  challenge-  infection  on  each,  occasion.  Group*  of  ado*  vane- 
treated  a*  above  an  days  11.  13.  17.  21.  27,  31  or-  37.  i 
group  of  six  control  ndoe  were  infected  but  were  neither  Irradiated 
nor  reinfected. 

The  merm  pares itaomias  of  each  group  or  subgroup  of  ndoe  are 
shown  in  Figure  6. 

pft9T  .(oryg?  J) 

Th*  peraeltaemia  followed  th*  expected  count,  an  aout*  patent 
primary  parasitaemia.  with  a  pealr  peraeltaemia  on  day*  10/ 11.  becoming 
aubpatent  around  days-  16/17  and.  a  patent  recrudescence  occurring 
between  day*  24—25. 


aaJgJU  XSteaaMLS) 
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Th*  non— irradiated  ado*  controlled  the  challenge  and  the 
peraeltaemia  became  eubpatsnt  at  th*  earn*  time  and  th*  onset  of 
reomdeeceno*  Was  at  th*  same  time  as  in  tha  controls.  In  the 
irradiation  mice  which  war*  net  reinfected,  th*  patent  paraaltae 
was  extended  by  4—5  days,  and  of  th*  two  surviving  mio*  only  on* 
showed  a  patent  recrudeaeanc*  and  that  on  day  41.  In  th*  tfare* 
mio*  which  war*  reinfected  and  irradiated,  th*  parasitaemia  over 
th*  succeeding  three  day*  matched  th*  declining  parasitaemia  of  th* 
nuf-rf -p-a^i  i  * engad  edoe.  Thereafter  th*  patent  paraaltae 

was  extended  aa  in  th*  iiumpai  atiTe  Irradiated  group  which  were  net 
reinfected. 
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OAT*  AFTER  INFECTION- 


6c  -  Irradiation,  and.  rain-fact  ion.  —  day  1 7» 


6d  —  Irradiation,  and  reinfection  —  day  21 


*w 


DATE  AFTER  INFECTION 


6«  -  Irradiation  and  reinfection  -  day  27. 


Figure  6.  Course  of  P.  chabaudi  infection  in  mice  either  irradiated 
after  infection  or  irradiated  and  challenged  after  infection. 

Key  —  Infected  mice  irradiated  only  (e— e) »  Infected  mice  irradiated 

and  reinfected  (o— O ) .  Infected  mice  challenged  only  (&*c) 

Challenge  infection  only  (e— <).  Infected  mice  not  irradiated  or 

reinfected  6*““*)  • 


6f  —  Irradiation,  and  rainf action  —  day  3 1# 


oav  i r 


OAVS  AFTIN  INFICTION 


6gr  —  Irradiation,  and  rainf  action.  —  day  37* 


Ficus*  6*  Couraa  of  P.  ehabaudi  inf  action  in  mica  eithar  irradiatad 
aftar  inf  action  or  irradiatad  and  ohall,anc*d.  aftar  infaction. 

~  inf  act  ad.  mica  irradiatad  only  (•—•).  Inf  act  ad  odea  irradiatad 

and  rainf  actad  (o«o)  *  Inf  actad  mica  cbaXlancad  only  (iad)  . 

Chailanc*  Inf  action,  only  (**"a)  *  Inf  actad  mica  net  irradiatad  or 

rainf  actad  (a— a)  . 


35 


Siiatiaiiaa  <*«▼  *3  (Group  3) 

By  this  tins  ths  ploture  was  changing*  The  non- l**wdiated 
ales  controlled  the  challenge  Infection  end.  were  subpatant  by 
days.  18—2.0 ,  about1  the  same  time  as  In  the  controls  (Group  1)» 

In  the  reinfected  mice,  however,  the  onset  of  the  recrudescence 
was  delayed  to  days  34— 3Ti  eome  7-10  days  later  than  the  controls. 

In  the  lrradlated/reinf acted  mice  the  challenge  was  controlled 
almost  as  effectively  as  In  the  nan-irradiated/ challenged  mice 
and  again  In  these  mice  the  reorudescont  parasltaemlas  were 
dolayed,  commencing  on  days  J6t  39  and  46  in  the  three  mice • 

Tri  the  irradiat ed/no t  reinfected  mice  the  Irradiation  lengthened 
the  primary  patent  parasitaemla  by  7**10  days  over  the  controls 
n-nA  two  mice  indue od  a  small  rise  in  parasitaemla.  Xn  these  mice 
no  recrudesc ent  parasitaemla  was  detected  during  a  50-day 
observation  period. 

Reinfection  day  17  (Group,, ,4) 

The  non— irradiated  aloe,  two  of  which  were  subpatent  at 
challenge,  rapidly  controlled  the  parasites  and  were  subpatent  by 
day  22.  Significantly  the  reorudesoenoe  in  these  mice  was 
delayed  to  days  41-43.  In  the  irradiated/ challenged  mice,  however, 
alt  three  of  which  were  sub patent  at  challenge,  one  mouse 
controlled  the  parasites  as  rapidly  os  their  nan— Irradiated  counter¬ 
parts,  but  in  the  other  two  mice  there  was  a  small  drop  followed 
by  a  small  rise  in  the  parasitaemla  becoming  a tib patent  by  day  25. 

Xn  these  latter  two  mice  no  further  recrudescence  waa  seen  but 
in  the  Irradiated  mouse  which  rapidly  controlled  the  challenge 
a  reorudesoenoe  was  seen  between  days  37  and  41.  Two  of  the  three 
mice  which  were  Irradiated  but  not  challenged  were  Just  subpatent 
at  Irradiation  these  mice  subsequently  recrudosoed  at  about 
the  same  time  as  the  controls.  The  third  mouse  hod  a  low  patent 
parasitaemla  when  irradiated  and  this  persisted  until  day  27,  and 
a  patent  reorudesoenoe  appeared  on  day  43. 

H^fi^f^otion  dar  21  (Group  5) 

The  ability  to  control  rapidly  a  challenge  infection  had 
diminished  by  day  21.  Xn  the  non— irradiated/ challenged  mice  the 
parasitaemla  rose  to  a  pooh  two  to  three  days  later,  matching  the 
rise  in  the  nan— Immune  challenge  control,  finally  being  reduced 
to  a  subpatant  level  by  day  27.  No  reorudeeoencee  were  aean 
in  these  mica  In  a  57-day  observation  period.  In  two  of  the 
three  irradlated/ohallenged  mice  the  parasitaemla  waa  still  very 
high  four  days  after  challenge  and  two  of  these  mice  died  two  to 
three  day*  later.  The  third  mouse  In  this  trio  controlled  the 
challenge  to  subpatant  levels  by  day  28  but  died  an  day  41.  The 
mice  Irradiated  but  not  challenged  were  subpatant  or  just  about 
•ub patent  when  Irradiated  and  these  mice  subsequently  recrudesced 
at  a  time  within  the  range  shown  in  the  controls. 

SaialaaSlm.  Sax.  27 

At  this  time  the  majority  of  the  adao  were  Just  l eglzxnlng 
their  reorudesoent  parasltaemlas  following  a  period  of  aubpatanoy. 
Although  the  challenge  infection  In  the  Irradiated  and  nan— Irradiated 
mice  initially  increased  the  patent  parasitaemla  the  subsequent 
course  in  both  groups  matched  that  in  the  controls.  Xn  the 
Irradiated/ non— infected  mloe  there  was  no  evidence  that  the 
Irradiation,  had.  any  effect  although  surprisingly  two  of  the  three 
mloe  did.  not  show  a  reorudesoenoe  until  day*  41/43. 


36 


SaiataaS&SBJiSX.  31  (Grow  7) 

At  this  tlM  moat  of  the  mice  vara  o octroi  1  ing  their 
recrudescent  paraaltaeolas  and  irradiation  bad  no  discernible 
off act  an  tha  ability  of  mice  to  control  tha  challenge  or  to 
raduoa  the  raorudaaoant  paraaitaemla  to  aubpatant  lava  la. 

Reinfection  day.  37  (group  8) 

By  day  37  some  of  tba  mica  could  have  reduoed  their  recrudescent 
paraaitaatnina  to  a  aubpatant  level  some  2-7  days  previously.  Nona  of 
me  irradlat ed/nan— reinf  acted  mice  were  patent  when  irradiated  and 
remained  aubpatant*.  In  the  reinfected  mice  although  in  the 
majority  the  challenge  vaa  not  removed  aa  rapidly  &a  In  the  day  31 
mice  there  vaa  no  good  evidence  that  irradiation  reduoed  the  rate 
at  which  the  challenge  vaa  removed*. 

This  second  experiment  confirmed  that  irradiation  of  mloe 
after  peak  paraaltaemiaf  days  10—17*  when  the  peraaltaemla  vaa 
In  remission  but  was  still  patent,  delayed  the  paraaitaemla  going 
into  aubpatenoy  (irradiation  on  day  13  reaulted  in  tha  porasltaemlaa 
becoming-  higher) ,  and  delayed  the  cnaet  of  the  re crudes cent 
peraaltaemla*  Thus  irradiation  during  this  period  of  reals  a  ion 
increased  the  antigenic  load  and  presumably  the  antigenic  stimulus 
which  the  mloe  received  which  was  reflected  in  turn  in  a  lelay  in 
the  onset  of  tha  recrudescences*.  Similarly  where  the  nan— irradiated 
mloe  were  reinfected  on  days  13,  17 -or  21,  thereby  Increasing  the 
antigenic  stimulus  to  the  mice  when  the  paraaitaemla  was  going  into 
remission  or  had  Just  become  aubpatant,  the  onset  of  the  recrudescence 
was  delayed  by  approximately  8,  18  and  >34  days  respectively . 
Irradiation  of  mloe  on  day  21  or  thereafter  bad  no  obvious  effect 
on  the  course  of  the  paraaitaemla  during  the  50—37  day  observation 
period*  Recent  wort  in  our  laboratory  (McLean,  and  Phillips,  1979) 
shoved  that  in  P.  ohabaudl  infected  NIH  mice  the  ability  to  control 
a  large  l*v»  challenge  of  g„  ohabaudl  infected  red  cells  rapidly 
declined  between  the  onset  of  sub  patency  after  the  primary 
paraaitaemla  and  the  emergence  of  the  recrudescence.  Coincident  with 
the  decline  in  the  patent  recrudescence,  a  challenge  infection  was 
rapidly  removed  but  thereafter  the  ability  to  remove  a  large  challenge 
inf  option  diminished  with  time*  Reinfection  of  the  non— Irradiated 
mice  at  different  times  in  the  second  experiment  gave  similar 
results*  The  course  of  the  paraaitaemla  after  reinfection  of  the 
Irradiated  mice  an  each  occasion  reflected  tha  paras itaemi as  in  the 
other  two  subgroups,  that  la,  tha  Irradlat ad/non-ralnfao tad  md 

reinf eo ted/ nan— irradiated  mloo*  By  this  ve - that  the  initial 

control  of  the  challenge  infection  followed  that  in.  the  non—- 
Irradiated/ reinf  eoted  aloe  but  the  duration  of  the  subsequent 
patent  paraaitaemla  in  some  mice  would  follow  that  in  tha  irradiated/ 
non— reinf ected  mloe* 

In.  euanary  the  effect  of  600  rad  Irradiation  given  between 
days  3  and  8,  day  8  being  peak  paraaitaemla,  la  to  preolpltate 
a  mare  rapid  appearanoe  of  a  raorudaaoant  paraaitaemla  but  not  to 
affect  the  duration  of  the  primary  patent  parasltaeada*  Irradiation 
on  days  10,  13  or  17  extended  the  patent  primary  par»  sltaemla 
for  irradiation  on  days  10  or  13  to  delay  the  onset  of  a  patent 
paraaitaemla* 

Preliminary  experiments  using  a  oar  ban  clearance  teat  (Vair, 

1973)  on  the  Infected  mloe  did  show  any  reduction  in  carbon 
elsatraaee  rata*  after  Irradiation* 
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The  importance  of  tha  spleen.  In.  immunity  to  malaria,  parasites 
vi.«  boom,  veil  documented  but  details  of  the  precise  rols(a)  of 
the  ■pleen  aro  a  till,  not  olaar  although  It  la  generally  aaauna d 
to  ba  a  aouroa  of  ontlparosltio  antibody  and  a  alta  of  phagocytosis 
of  parasites  and/or  parasitised  calls .  In  experiments  daaorlbad 
In  on  a  an  11  an  report  (.Annual  Report  DAJA  37-73-C  3492) 
phagocytosis  of  P.  chab»Kdl  infected  rad  oalla  containing  lata 
mariini  stages  by  phagooytee  in  the  liver  and  spleen  was  reported. 

The  inane  mechanisms  through  which  the  parasites  are  removed 
are  rapidly  acting  as  demonstrated  in  the  following  experiment. 

Three  months  old  mala  RIB  mice  were  infected  with.  1  x  10° 

Pa_j2jHj2Sitfdi  infected  red  oalla  from  which  the  aloe  recovered. 

Between  days  30  and  32  and  on  day  92.  the  aloe  were  reinfected  with 
7  x  10®  parasitised  oolls  i.v.  On  day  107  four  aloe  and  an  aged— 
matched  normal  oontrol  were  reinf acted  for  the  third  time  with 
7  x  io®  parasitised  oells  i.v.  at  OSOOhr  when  the  parasites  were 
air  the  young  ring  stage*  It  1715br  P.  chnbaudi  infected  donor 
mlo*  were  bled  and  the  parasites  (late  ring  stage)  put  into 
in  vitro  culture  following  the  Trager  and  Jansen  procedure-  with  the 
exception  that  the  RIMX.  1640  containing  foetal  on  If  serum  and 
not  normal  mouse  serum.  Eight  hours  later  (0243br)  the  majority 
of  the  paraaltaa  in  culture  were  at  the  late  trophosolte  or  sohlsont 
stage,  re invasion  had  startsd  and  there  were  some  free  merosoltes. 

It  this  time,  tho  cultures  ware  discontinued,  the  blood  oells 
washed  twioe  with  and  finally  resuspended  In  RPKX  l6Z»0. 

Approximately  3  x  10®  of  the  cultured  parasitised  cells  were 
injected  l.v.  Into  each  of  four  mere  imname  mice  and  an  age  •■matched 
non— isrname  oontrol.  Tho  oourae  of  the  porosltaeadaa  In  the  two 

groups  of  immune  and  the  control  mice  ore  given  in  Figure  7.  In 
the  nan-iaaune  oontrol  mice  for  the  0800trr  challenge  the  paras itaemJ  e 
warn  maintained  during  the  day  decl  ining  slightly  towards  midnight-  i 

a*  sohlsogany  approached  and  sohlsont  stages  ware  sequestered,  in 
the  deep  tlseuest  a  few  eehlsants  were  sesn  in  the  peripheral 
blood  smears  in  the  early  hours  of  tha  following  morning.  In  tha 
1  .nee  ins  ados  reinf  eat  sd  at  0800hr  the  paraaltaa  oantlnued  to  grow 
normally  but  aa  sohlsogany  approached,  paraaltaa  were  lost  from 
the  peripheral  Circulations  relnvaalon  did  not  occur.  (in  on 
earlier  report  the  phagocytosis  of  parasitised  red  oells  in  the 
spleen,  liver  end  occasionally  in  peripheral  blood  In  immune  mice 
was  dseorlbed.)  Of  interest  was  the  fact  that  in  the  Immune  mloe 
but  not  the  oontrol  at  0745hr  on  the  day  after  challenge  a  few 
sohlsont  infected  oells  wear*  to  be  sesn  in  the  peripheral  circulation 
suggesting  that  in  the  Immune  ml  os  the  growth  of  a  small  proportion 
of  thm  parasites  was  slowed.  In  the  mice  injected  with  cultured 
parasite*  smear*  taken  immediately  after  challenge  showed  that 
4—14^  of  the  paraaltaa  in  the  peripheral  a Iroulati an  were  new  rings 
end  the  rest  were  lets  trophoaoltea  or  sohlsont  Infsotsd  oells. 

Two  hours  latar  smears  from  the  Immune  mice  showed  that  there  was 
a  smell  Increase  in  tho  number  of  ring  lnfeoted  oells  but  a  rapid 
decrease  in  the  mature  asexual  stages.  Five  hours  after  injection 
the  pexaaltaomlaa  in  the  immune  aloe  given  cultured  i srasltos  were 
below  ljl  and  33%  or  mare  of  the  parasites  were  ring  stage  parasites. 

At  this  time  the  non— lumens  oontrol  mouse  was  showing  a  parasltosmla 
of  J.3 %,  99%  of  the  parasites  bslng  asw  rings.  This  experiment 
confirms  that  in  the  hyperlesiune  mouse  the  rsswval  of  parasites/  I 

parasitised  red  oells  occur  at  the  late  trophosolts/sohlsont  stags, 
growth  from  the  young  ring  stage  in  the  majority  of  parasites  E§t^B 


[»«*•  7«  Cour*#  of  P.  chabaudi  infection  and  %  ring  stage  paraoitea  preaent  In  either  1— minn  *iioe 
ratnfaotsd  at  0800  hours  (■••)  or  022(5  hour#  the  following  day  (P“°)f  or  in  naive  control*  infected 
at  0800  hour*  (0*0)  or  0245  hours  (•*•)  the  following  day. 
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occurring  nomnlly,  sad  this  removal  is  &  rapid  process ,  oo.es  ths 
parasite  rsaohss  the  lohimt  stags*  Ths  majority  of  rsosatly 
iatroduesd  Into  trophosoitss/sohisonts  disappearing  from  ths 
circulation,  within.  2hr» 

Previous  worlc  has  shown  that  phagocytosis  of  P.  ohabaudi/ 

P .  ohabnudi  parasitized  cells  occurs  In  the  liver  and  the  spleen* 

Tho  relative  importanos  of  ths  spleen  was  examined  In  the  following 
experiments  • 

In  thag first  experiment,  k  months  female  CBA  mice  were  infected 
with  1  x  10°  P .  chabaudi  infected  red  cells.  On  day  10  of 
infection,  two  days  after  peak  parasitaemia  with  ths  perositaemla 
declining,  two  groups  of  five  mice  were  spleneotomized  under  ether 
anaesthesia*  A  third  Infected  group  were  sham  spleneotomized. 

The  day-  after  splenectomy  the  mice  In  one  group,  together  with 
a  nan- immune  intact  control,  were  reinfected  with  7  x  10°  P.  ohabaudi 
infected  red  oella  l.v.  The  perasitaesilas  ore  given  in  Figure  8. 

In  the  spleneotomized/ non-re inf acted  mice  the  parasitaemia  deo lined 
further  on  the  day  after  splenectomy  but  thereafter  the  parasitaemia 
increased  and  a  fluctuating  patent  parasitaemia  ensued  until 
days  34-38  when  the  peraeitaemia  become  subpatent  for  a  short  period. 
In  the  splsneotomized/reiafeated  ndoe  the  parasitaemia  rose  an.  the 
two  days  following  reinfection  and  thereafter  continued  as  a 
fluctuating  and  frequently  high  patent  parasitaemia  unti_  day  39. 

In  the  non— splaneotomized  infected  ndoe  the  parasitaemia  became 
sub  patent  in  all  mioe  by  day  20.  From  a  previous  experiment 
(  page  32.  )  if  is  known  that  in  infected  mioe  given  an 

additional  ohollengo  infection  an  day  11,  .the  parasitaemia  Initially 
rises  but  thereafter  rapidly  declines  to  become  sub patent  at  the 
same  time  as  in  oantrols.  These  results  confirm  the  importance 
of  the  spleen  in  the  maintenance  of  insanity  in  mice  in  which,  the 
primary  peraeitaemia.  was  going  into  remissions  it  is  significant, 
however,  that  in  the  spleneotomized  infected  mica  the  paresltaomia. 
continued  to  decline  in  the  absence  of  the  spleen  an  the  day  after 
splenectomy. 

Xngthe  second  experiment,  immune  CBA  female  mice  were  reinfected 
with  10  P.  chabaudi  parasitized  cells  to  boost  their  immunity  end 
13  days  lator  when  the  parasitaemia  following  challenge  had  become 
subpatent  two  groups  of  five  mice  were  spleneotomized.  On  day  14, 
the  day  following  aplanectomy,  one  group  of  ths  spleneotomized  mioe 
(Group  C)  were  challenged  with  5  x  10®  parasitized  cells  l.v.  A 
group  of  the  reinfected  but  sham-eplsneotomlaed  mice,  and  nan— immune 
age-matched  control  mioe  were  similarly  challenged.  The  remaining 
group  of  reinfeoted  and  splsnectomlzed  mioe  (Group  B)  were  not 
challenged.  The  paraaitaaadaa  in  the  various  mioe  from  day  14 
ere  shown  in  Figure  9 .  The  sham-  spleneotomized  (Group  A)  and 

a  plena  atomized  ism rate  mioe  (Group  C )  both  controlled  the  ohnllange 
infection  as  sffsotively  as  each  other  with  the  exception  of  a' 
single  mouse  In.  Group  C  whloh  showed  a  short-lasting  reorudssoenos. 

Up  to  dsy  no  parasites  ware  seen  in  either  group.  One  of  the 
nice  In  the  i  mania  spleneotomized  group  (Group  B)  recrudesced  an 
day  18  and  a  fatal  acute  parasitaemia  ensued.  Thus  in  the  mouse 
with  an  established  insanity  with  a  recant  boosting  be  spleen 
was  dispansabls  sad  the  rapid  removal,  of  parasitized  cells  ooourrod 
in  extra  splanio  sites. 


DAYS  AO  ST  INMCTION  P.  chabgwdi 


rifur*  9.  C  out's*  of  P.  chsbtudi  challango  inf  set  ion  la  spl«n*ctomlz*d 

—  ~  Imbm  kLo*.  Rsprlasd  Ians*  ale**  Spl«n*cto*Lz*d  day  13  ud 
chaiiangod  day  14  (Group  C)  (a— o) .  (Roprlnod  iamun*  intact  mica 
cliallo&cod.  day  14  (Group  A.)  pasaaltaamla  aa  Group  C. )  Roprla  od 
1—una  nlc*t  splaaaetoadzod  day  13  but  not  challanfod  day  14  (Group  B) 
(a—A)  *  Challnc*  In.  naira  ale*  (o«o) » 
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Tn  m.  thlxd.  experiment  3  month*  old  C57B1  mio*  v«r*  Infeoted 
with  1  x  10"  Pf  ^fi^baudi  parasitized  cells  and.  an  days  lit,  20 
and  27  four  of  tu  odea  vara  splaneotomlaed.  la  th*  non— 
spleneotoudzed  ado*  th*  parasitaamla  followed  th*  *xp«otad  course, 
p*ak  paraaitaeola  being  r*oord*d  an  day  8  or  9  and  becoming 
aubpatant  by-  day  20,  and  a  patent  r*orud*ao*no*  appearing  around 
day  29,  la  th*  ode*  spleneetomized  on  day  14  th*  paraaitaeola 
r*main*d  pat  ant  r  and  a  fluctuating  and  frequently  acute  pamaitaada 
*nau*d,  on*  of  th*  ado*  dying*  Th*  ado*  aplenectondzed  an 
day  20  or  day  27  when  th*  ado*  had  Just  become  sub  pa  tent, 
subsequently  recrudesced  and  tha  paraaltaaada  vaa  acute  and  long- 
lasting.  In  two  of  tha  odoe  spleneetomized  an  day  20  the 
recrudescence  appeared  two  daya  before  tha  majority  of  th*  control 
ado*. 


Th*  rol*  of  th*  spl**n  was  further  explored  In  homologous  and 
heterologous  immunity  to  P.  chabaudl  and  P.  vinckei  brucechwattl 
( P.w.b ,c. )  in  C57B1  ode*.  Mai*  C37B1  w*r*  first  inf acted  with. 

cfcabaudi  or  P.v.b.o.  when  2  man  tha  old,.  Th*  P.v.b.o.,  infected 
ado*  had  their  otherwise  fatal  inf *ctlon  controlled  with 
chlor oquln* .  Ths**  months  later  th*  r*oov*r*d  mice  war* 

reinfected  with  th*  aaa*  paraait*  with,  which  they  were  first 
infected.  Twelve  daya  after  reinfection  fiv*  ado*  from  *aoh 
group  of  ado*  war*  apleneotoedzed.  Th*  day  following  splenectomy 
subgroups  of  thr«*  or  four  lntaot  immune  ado*  w*r*  ohall  .aged 
homologously  or  h«t*rologously  with  5—7  x  10^  parasitized  red  calls 
intravenously.  Two  spleneatomized  P.  chabaudl  Iramme  ado*  w*r* 
challenged,  on*  mouse  with  P.  chabaudl  parasitized  red  o*lla  and 
th*  other  with  P.v.b.o.  Two  eplsn*otomiz*d  P.v.b.c.  loaoun*  v*r* 
also  oballangad  either  homologously  or  h*t*rologously.  Age— 
matched  non-immune  controls  were  also  infected,  with  the  challenge 
inoculum.  Th*  parasitaaaias  or*  given  In.  Figure  10.  Th* 
inf eotivi try  of  th*  challenge  inoculum  was  confirmed  in  th*  nan— 
lira* in*  ado*  which,  both  died.  Th*  imnun*  ado*  including-  th* 
•pl«n*otomiz*d  ado*  o  ha  Hanged  homologously  rapidly  controlled 
and  removed  th*  ohall  eng*  infection.  T  inarm*  lntaot  mlo*  challenged 
heterologous ly  initially  showed  a  snail  degree  of  resistance,  th* 
paraslta«*da  rising  for  2  to  3  daya  and  thereafter  declining  to  a 
subpatent  level  by  day  8.  In  contrast,  In  th*  spleneetomized 
imnun*  ado*  no  impunity  to  th*  heterologous  challenge  was 
discernible  and  th*  mica  died.  Further  lntaot  and  splaneotomizsd 
ioesun*  mlo*  w*r*  challenged  i.v.  h*  taro  logons  ly  or  hoaiologously 
18  days  aftsr  reinfection,  and  6  day*  after  spl«n*ctomy.  In 
addition,  lntaot  ado*  ohallenged  an  day  13  ware  challenged  for 
a  eeoond  tin*  on  day  18.  Nan- immune  age-matched  controls  were 

also  ohallenged.  The  pagasitaeada*  are  given  in  Figure  11.  Both 
th*  non— imnun*  control*  died  of  an  aotu*  parasltassda.  Th* 
spleneotomieed  is—*  mio#  ohallenged  haterologously  showed  no 
realstano*  and  died  ah  ths  aaa*  tla*  a m  th*  non  immun*  controls. 

Th*  splsnectoadaed  mlo*  ohallenged  homologously  both  controlled 
the  ohall  eng*  infeotlan  although  leas  quickly  than  in  th* 
spleneotonlxed  ado*  ohallenged  an  day  13.  In.  th*  mio*  which 
were  ohallenged  for  a  eeoond  tin*  within  fiv*  days  of  th*  last 
reinfection  showed  a  greater  heterologous  iosmaity  than  is  th* 
ado#  whan  ohallenged  on  day  13  after  reinfection.  In  a  repeat 
experiment  essentially  th*  can#  results  were  obtained. 


P|ial4*nei  In  nrnlv*  nio* 


The  relative  Importance  of  the  spleen.  In.  inarmity  to 
P.  chabaudi  depends  on  the  staffs  of  the  infection.  XT  the  spleen 
Is  reserved  on  day  10  or  day  14  when  the  primary  patent  pants 1 taenia 
Is  In  decline,  although  the  paraait&esLia  may  decline  through  one 
•chixogorry  after  splenectomy,  subsequently  the  paraslt&emla  rises. 
Initially  unchecked,  to  aoute  levels.  Fourteen  to  21  days  after 
spleneotomy  the  parasltaeola  Is  reduced,  albeit  temporarily,  to 
sub patent  levels.  Irradiation  of  infected  mice  os  the  primary 

paras Itaemla  declines  has  the  same  effect  as  spleneotomy  in 
extending  the  patent  parasltaemia  but  It  is  shorter  lasting.  The 
simplest  explanation  of  the  effeot  of  splenectomy  at  this  stage 
in  the  infection  is  to  assume  that  the  spleen  is  a  major  source  of 
protective  antibody,  and  that  following  splenectomy,  the  antibody 
level  falls  within  two  days  of  splanectomy.  The  effect  of 
Irradiation  is  leaa  veil  explained  on  the  same  basis  because 
antibody-  producing  plasma  cells  are  more  radioresistant. 

Irradiation  may  be  destroying  a  radiosensitive  precursor  cell,  suoh 
as  precursors  of  maorophage  or  killer  cell  or  depleting  the  supply  of 
B— cells ,  the  precursors  of  plasma  cells.  Spleneotomy  and 
Irradiation  after  the  primary  parasltaemia  la  into  remission 
has  no  immediate  consequences  on  the  course  of  the  parasltaemia* 

Any  patent  recrudescences  f  ollowing  spleneotomy,  however,  are.  of 
a  longer  duration* 

In  slice  which  have  recovered  from  both  the  primary  **ras Itaemla 
and  the  recrudes  cent  parasltaemia  and  had  also  been  reinfected 
to  boost  the  level  of  immunity,  the  ability  to  remove  an  l.v. 
challenge  given  soon  after  reinfection  Is  unimpaired  by  spleneotomy. 
Undoubtedly  reinfection  before  challenge  will  stimulate  antibody 
production  and  as  removal  of  the  parasite  is,  in  part,  at  least 
antibody  mediated*  parasite,  removal  in  the  abeenoe  of  the  spleen 
Is  likely  to  occur-  in  extra  splenic  sltea,  suoh  as  the  liver* 


In  contrast,  although  in  hyperimmune  mice  the  spleen  la 
dispensable  for  the  rapid  iamadiata  removal  of  the  pasaaltlxed  cells 
after  a  homologous  challenge,  with  a  heterologous  challenge  no 
Immunity  is  detectable  following  spleneotomy.  In  intact  hyper— 
immune  ado  a  after  heterologous  challenge  the  paras  it  aemla  did  not 
Initially  rise  as  rapidly  as  in  the  nan— Immune  controls  and  within 
6-8  days  the  parasltaemia  was  sub  patent.  Thus  both  the  nan-specific 

immunity  which  initially  controls  the  heterologous  challenge 
and  the  specific  ianune  response  which  develop  with  the  speed  of 
a  secondary  -immune  response,  to  eliminate  the  heterologous  challenge, 
are  dependent  on  the  spleen. 


The  meohenl  am  of  the  orose— insanity  between  different  rodent 
Plasmodia,  boa  not  been  elucidated  although  extensive  oroee— lmmunltv 
betvesR  rodent:  plasnodia.  boa  been,  described,  (for  saausple  Cox,  1975). 
In  the  published  work  cross-immunity  was  detected  by  inf ecting 
SJc  ados  with  one  species  or  sub -species  of  rodent  plasmodlum  and 
a  ’ r*  weeks  after  natural  or  drug-assisted  recovery  from  that 
infection  the  alee  were  challenged  with  a  relatively  sasall  inoculum 
(lx  10®  parasitised  cells)  of  another  speeles  or  subspeeieo  of 
parasite*  The  level  of  orose— protection  at  the  time  of  challenge 
as  detected  agaiiaet  a  large  intravenous  challenge  va.  not  determined* 
Indirect  fluorescent  antibody  teste  in  our  laboratory  end  elsewhere 
(Coe,  1970)  ladloate  that  ?,.  gs-gfilftaatt 

share  coanon.  antigens*  It  has  not,  however,  been  possible  in  our 
laboratory  to  transfer  protection  to  P.r.b.o.  with  serum  from 

mloei  the  same  serum  gave  elgnlfloent  protection. 


therefore,  which  developed  over  a 
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period  of  several  days  to  and  ^jVsSjJL*  after  heterologous 

challenge,  would  appear  to  ho  spleen  dependent  and  likely  to  Involve 
the  production  of  apeelea  specific  protective  antibody,  with  the 
antigens  common  to  both  parasites  acting  as  carriers  for  the  speoles 
specific  antigens  (Brown,  1971)*-  Over  the  past  five  years  a  role 
has  been  described  (reviewed  Cox,  198O)  for  a  non-antibody  soluble 
mediator  of  immunity  with  a  non-specific  activity  against  intra¬ 
cellular-  parasites,  particularly  during  the  primary  parasltaemda. 
Rodent  babesias  seem  to  be  particularly  susceptible  to  this  soluble 
faotor.  Cox  (1978)  reported  that  ados  Infected  with  B.  microti 
exhibit  a  strong  ismunlty  to  . ^rom  day  17  to  at  least 
day  22,  this  immunity  being  sufficient  to  remove  rapidly  an 
Intravenous  challenge  of  2-8  x  10°  P,  vincksi  Infected  red  cells. 

Cox  suggested  that  heterologous  imnunity  to  P1_vJjjcj£ejt  In  2ju_Si££2ii 
Infected  talcs  Involved  the  non-antibody  soluble  mediator.  In  the 
experiments  described  above  the  cross-immunity  between  P.  chaban<1~i 
and  P.v.b.c.  was  only  sufficient  to  depress  the  rate  at  which  the 
patent  parasitaemla  rose  after  challenge  before  a  specific  Immune 
response  waa  mounted.  JL  soluble  non— antibody  faotor  may  be 
responsible  for  the  cross-immunity  but  If  this  Is  the  case  the 
spleen  amist  be  a  major  source  of  this  faotor  and  the  half-life  of 
the  latter  be  relatively  short  because  splenectomy  oblated  oroaa— 
Immunity. 


The  taohniquea  which  arc  standard  la.  the  Blood  Transfusion 
Services  for  the  oryoprseervation  at  low  temperatures  »«d  subsequent 
reoovary  of  human  rad  oalls  have  proved.  suitable  for  tha  oxryo— 
preservation.  of  P.  falciparum  lafaotad  rad  oalla ,  albeit  tha  ring 
■taga  parasites  only*  Blood  from  pa ti ant a  with  pataat  P.  falciparum 
inf action*  oontaln  ring  stages  and/ or  gamatocytea,  tha  latar 
aaaxual  stags*  withdrawing  Into  tha  daapar  tlaauas  ,  suoh  a a  tha 
■pie an,  liver,  lntaatina  and  heart.  Thus  in  tha  present  project 
snap- freezing  email  volumes  of  infected  blood  containing  a  final 
concentration  of  19^  (w/v)  glycerol  in  a  sorbitol/ aallna  solution 
and.  recovering  the  thawed  blood  by  washing  with  a  orbit  ol/ saline  or 
hypertonic  saline  has  proved  satisfactory.  Cultures  of 
P.  falciparum  provide  tha  Inter  stages  in  the  aaaxual  oyule. 

Previous  work.  (Annual  Report  DATA  17-76-G9415)  showed  that 
trophowoltes  and  sohiaont— Infected  cells  of  did  not 

survive  snap— frees ing.  A.  technique  for  the  cryopreaervatioax  and 

recovery  of  viable  P.  falciparum  trophosoitos  and  aohisenta  would 
ba  useful,  for  example,  for  the  preparation  of  antigen  smears  for 
use  la  tha-  indixoot  fluorescent  teat.  Aa  tha  prosent  time,  our 
attempt*  to  improve  tha  survival  rata  of  these  larger  intraoelXu lar 
stage*  of  P.  falciparum  by  redlining  the  temparatura  of  tho  infected 
blood  la  a  serioa  of  step#  (Vila an  at  el-.  1977)  have  met  with  only 
limited  suooeaa. 


Tha  use  of  oryopreaervatian  to  keep  P.  faloioarum  parasltoa 


from  a  patient  viable  while  tha  same  patient  mounts  _ _ 

response  to  tboa'e  parasites  so  that,  subsequently,  elements  of  that 
imaama  response  can  ba  tasted  against  those  parasites  in  vitro  is  u 
useful  one.  This  procedure  provides  a  means  of  controlling  for  any 
antigenic  variability  try  the  parasites.  I a  thi*  study  sera,  taken 
at  differ  ant  times  after  treatment  are  being  tested  for  homologous 
and  heterologous  activity  In  vitro.  Tha  conditions  which  allow 
gees  enable  growth,  end  multiplication  of  P.  falciparum  in  micro  cultures 
of  50— IOOHI  over  a  few  days  have  bean  described.  Similar  aired 
ndorooulturee  have  recently  bean  used  by  Raaaa  and  Motyl  (1979) 
in.  their  investigation  of  anti-malarial  activity  In  the  sera  of  Aotua 
monkeys  insane  to  pi  •ffii7iuagum.  Under  the  present  grant  a  culture 
adapted  strain  of  P-  has  been  maintained  for  7  or  more 

days  to.  ndorocultures  by  ohaMgtng  6-70^  of  the  an  s  dally 

basis.  A  detailed  report  on  the  off  sot  of  tbs  'return1  earn 
an  the  growth  and  multiplication  of  tha  cryo preserved  wild  Isolates 


o£  P.  falciparum  and  also  culture  adapted  strains  of  P.  falciparum 
of  Thailand  aST Gambian  origin,  will  ba  giv  ‘  ‘ 


in  the  next  report. 
Miorooulturea  of  are  o urgently  being  used  under  tha 

present  grant  to  examine  tha  affaot  of  granulocytes 

oalla  from  tha  peripheral  blood  of  lues  ins  Serbian  and  .  I  ■■■me 

Individuals  In.  tha  prasanea  of  Ceafelan  or  oca-lmam*  Caucasian 

tha  growth  and  multiplication  of  P.  falciparum.  Medium 
dally.  Although  tha  results  of  these  latter 
as*  somewhat  preliminary  they  haeva  shown  that.  In  vitro. 
there  ia  an  antibody  indap  andan  t  uptake  of  warns  litres  by 
granulooyt as ,  particularly  by  tha  polymorphonuclear  calls,  and  In 
proportion  of  tha  patients  tasted,  their  peripheral  blood 
calls  had  an  antiparaaltlo  activity  iu.  tha  presence  of 
homologous  serum.  Tha  Phagocytosis  of  P.  faloioarum  maromoltss  and 
polymorph*  whan  lafaotad  blood  was  observed  under  tha  mloroaoopa 
dlraotly  after  being  takan  from  tha  patlsnt  was  described  by 
Trubowltm  and  Maaak  (196a)  and  Sind  an  and  Smalley  (1976)  respectively. 
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Taohnlquea  are  now  aval  lab la  for  tha  eryopreaervation  of 
granulocytes  gad  mcnanuolsar  cells  which  would,  permit  tha  coHeotiaa 
of  peripheral  blood  leukocytes  from  patients  during  a  pat  ant 
paraalt&amia  and  at  intervals  thereafter  and  subsequently  an  tha 
saao  oocaalon  taat  thaaa  aaoplaa  for  activity  in  vitro  correlates 
of  cell-mediated  iaamnity  and.  for  cytotoxic  activity  against 
homologous  porno  it  •  a  (also  previous!/  cryopreserved)  in  tha  present,  a 
or  abaanoo  of  spaoifie  antibody*  A  role  for  oell-aedlated  immune 
mochaaiama  In  malaria  la  Indicated  although  tha  avidanoa  la  in 
some  oaaaa  indirect*  For  example*  an  incraaaa  In  a a 11a  having 
a  nan— specific  antibody  depend ant  cellular  cytotoxicity  (K— calls ) 
in  malarious  mice  (McDonald  and  Phillips,  1978)  or  children 
(Greenwood,  et  al. ,  1977)  suggoata  that  X— cells  may  be  cytotoxic 
to  malaria  parasites *  Xn  two  reports  there  la  more  direct 
avidanoa  of  oell -mediated,  immune  toaohaniama  killing  paraaitas 
in  vitro  (Coleman  at  al* .  1975»  Playfair  et  euL. .  1979)*  It- is 
rscomaendod.  that  tha  mi  or  o  culture  system  fbr  growing  tha  asexual 
stag*  of  P.  falciparum  be  used  for  examining  further  tha  a  pacific 
and  non— a  pacific  antiparasltlo  activity  of  antibody  and  calls 
from  iBnme  Individuals*  Although  It  has  still  to  be  demonstrated 
that  P*  falciparum  la  abla  to  undergo  antigenic  variation  the 
indirect  evidence  suggests  that  antigenic  variability  by  tha 
parasite  should  be  anticipated.  (Wilson  <md  Phillips,  1978)  Wilson, 
1980)*  Tha  use  of  moooolaaal  antibodies  prepared,  against  differ  on t 
isolates  of  P*  falciparum  to  compare  tholr  antigenic  cl  iron t era 
should  reveal  more  about  tha  antigenic  variability  of  P.  falciparum 
and  is  clearly  an  area  where  considerable  effort  should  be  directed* 
At  the  present  time  in  our  laboratory  the  monoolanal  antibody 
technique  la  being  established  and  It  is  hoped  that,  la  due  course, 
tha  large  number  of  P*  falolparum  isolated  we  have  oryopreaerved  in 
liquid.  can.  be  used  in  experiments  with  monoclonal  antibodies*. 

Iho  course  of  a  blood— Induced.  P .  chabaudi  infection  In  miae 
has  tha  typical  malaria  characteristic  of  the  aoute  paxasitaemla 
being  followed,  by  a  period(s)  of  suhpatonoy  between,  ana  or  two 
recrudes  cent  parse  itaemdLoa *.  Tha  cause  of  tha  fluctuating 

paraaitaamla  is  not  fully  understood*  Two  possible  explanations 
are  being  examined  In  our  laboratory  at  the  present  time*  First, 
11*e  L  knowlsai  (Brown  and  Brown,  1985),  P-  during  the 

asexual  erythrocytic  stage  may  ba  abla  to  undergo  repeated 
antigenic  variation  and  thereby  evade  the  immune  response,  a 
phenomenon,  well  described,  in  Afrloan  trypanosomiasis.  Secondly, 
in  tha  infooted  aloe  the  anti-malarial  Immune  response  may  be 
unable  to  bring  about  a  rapid  elimination  of  the  parasite  because 
of  constraints  upon  the  Immune  response,  these  eontralnta  possibly 
being  of  parasite  origin*  Tha  avidanoa  to  date  suggests  that 
although  P ,  TiitfVfl’rjU  nay  be  able  to  undergo  antigenic  variation, 
therm  arm  fluctuations  is  the  level  of  entiparaeltio  activity, 
at  least  against  tha  inf  eating  population,  which  relate  to  tha 
emergence  of  tha  reorudeeeent  paraaitaenlae.  Xa  tha  experiments 
described,  la  this  report  on  tha  effects  of  irradiation  on  the 
oourse  of  a  inf  notion  it  was  noted,  that  In  tha  nan- 

irradiated  aloe  which  were  reinfected  with  a  large  challenge 
Inoculum  during  tbs  period  when  the  primary  parasitasmla  was  going 
into  remission,  the  oust  of  the  patent  recrudescenee  was 
significantly  delayed.  Xf  we  asstnae  that  the  recrudescence 
consists  of  parasites  predominantly  of  a  new  variant  typa  this 
observation  suggests  that  the  challenge  lafeetian  is  raising  the 
level  of  antiparasltlo  activity  whloh  may  ba  aotlve  against 


P.  -Ohabaudi  of  different  antigenic  typos  of  that  particular  •train. 

The  natu re  of  the  lamina  —oIubAmm  active  against  P-  ahahataii 
when  the  primary  paraeltaemia  Is  d«oUsla<  Is  not  fully  understood. 
Serum  collected  as  tbs  primary  parositaemie  baoonas  a  ub  pat  ant  can 
passively  protaot  nrm-1  arena  mice  vbiob  suggests  that  a  arum, 
faetora,  probably  antibody,  are  involved.  Both  irradiation. 
spleneotoaiy  of  mloe,  however,  during  the  declining  paras ltaemla, 
did  not  laaaedi  ately  o  he  ole  the  decline  in.  the  par&sitaemia,  but 
within  2-3  days  they  did  so.  Irradiation  is  thought  to  have 
little  effect  on  plasma  cells  which  indicates  that  the  antlparaaltic 
processes  which  are  rapidly  Impaired  by  irradiation  at  this  time, 
are  not  dependent  on  the  production  of  antiinn  1  aria-1  antibody  alone. 

In  the  apleneotomlzed  hyper  immunized  mouse  or  in  mloe  irradiated 
after  the  primary  paraeltaemia  has  become  a  ub  patent  the  ability  to 
remove  &  large  challenge  inf  action  is  the  same  as  in  the  non* 
irradiated  or  nan— eplenectoaized  Immune  udoe.  Xt  would  seem, 
therefor*,  that  the  nature  of  the  immune  mechanisms  operating 
against-  P .  ohabaudi  during  the  primary  porasltaesda  and  after  the 
primary  paraeltaemia.  dlff or  in  some  respects,  the  former  period 
perhaps  being  more  dependent  on  immune  mechanisms  which  did  not 
involve  a  direct  antiparasositia  (antl-aeroxoite)  oytotoxlo  antibody. 

Xt  Is  clear  that  in  P.  chabaudl  infections  the  ways  is  which 
antibody  directly  or  indirectly  kills  or  leads  to  the  removal  of 
parasites  or  parasitised  cells  needs  osraful  investigation.  A 
role  for  opsonizing  antibody  has  been  suggested.  ActJ  ration  of 
maorophagee  alone  has  been  shown,  in  this  report,  to  have 
significant  anti-plasmodial  activity.  The  use  of  in  vitro 
cultures  of  P.  ohabaudi  might  allow  more  direct  observation  of  the 
individual  and  combined  roles  of  antibody  and  cellular  elements  of 
the  im— ins  system*  In  our  laboratory  in  short-term  mlcrocultures 
of  P.  ohabaudi  multiplication,  rates  of  X2.  can  b»  consistently  obtained 
Multiplication  occurs  mors  readily-  in.  HIMX  1 640  medium  containing 
10Jt  foetal  calf  serum  than  la  medium  containing  fresh  mouse  serum. 

The  inhibitory  activity  of  normal,  mouse  serum  in  cultures  of 

can  bs  reduced,  by  heating  the  serum  to  36°C  for  30  min.  t 
t  is  possible,  therefore,  that  spoolflo  antlporasitie  activity  I 

of  antibody  may  be  deteoted  in  short- term  cultures  of  p ,  - 

providing  the  antibody  activity  1s  Independent  of  these  components 
of  complement  which  are  destroyed  by  heating  the  serum  for  30  min  j 
at  56 °C.  ; 


A  role  for  both  T—  and  B— colls  has  been  confirmed  in  the 
adoptive  transfer  experiments.  Of  the  sub populations  of  T-colls , 
theirs  is  evidence  that  T -helper  cells  play  a  role. 


Vonc  under  the  present  grant  bam  shown  that  protection  oan 
by  adoptively  transferred  not  only  with  spleen  cells  but  also 
with,  peripheral  blood  monouaalear  oells,  peritoneal  cells  and  also 
leukocytes  dissociated  by  from  fragments  of  liver  of 

Ireen*  mloe.  Of  particular  interest  are  the  observations  on 
the  liver  leukocytes  because  in  one  experiment  these  oella  could 
be  shown  to  be  exerting  a  protective  elf  sot  in  Irradiated  recipient 
mloe  at  a  time  when  there  was  Uttlm  detectable  antibody  present 
in  their  circulation. 


Xt  would  seem,  therefore,  to  be  worth  oloeely  examining  the 
role  of  the  liver  In  the  lasnme  response  to  malaria  parasites, 
particularly  with  regard  to  oaH  -mediated  inmnam  responses.  The 
recent  report  of  Playfair  and  colleagues  (1979)  highlight  the 
role  of  thm  liver  is  alas  1  —wit  sail  against  LjsiUI,  Short-tea 


cultures  of  E|jA|bntt 


* 

I 

i 


.cation  of 


The  protection  given  to  mioe  agalns1 t  Babesia  miorotl  and.  to 
a  lesser  extant  against  P.  ohabsudi  by  a  concurrent  infection  of 
■urine  leprosy  osnsed  br  wroobestorlua  loaraoE-arlun  (MW)  la  broadly 
similar  to  tbo  protective  effect  described  by  Clark  and  colleagues 
(1977)  following  tha  injection.  of  mica  with.  BCG,  and 
Corvnabae  tariff)  pymn.  Clark  and  oollMfuat  attribute  tha 

pro toot ion  td  a  ncsx— antibody  soluble  factor  which  cauaaa  Intra¬ 
cellular  doath  of  the  parasite.  It  la  not  known  if  a  similar 
substance  is  produced  in  tbo  MLM  infected  mice.  The  interaction 
of  human  leprosy,  M.  leprae,  and  malaria  infections  in  tha  field 
could  bo  worth  investigation. 

It  is  clear  that  tha  application  of  monoclonal  antibody 
technology  is  going  to  have  a  major  rola  In  malaria  research} 
particularly  with  regard,  to  the  identification  of  tha  antigenic 
constituents  of  malaria  parasite*  which  are  important  in  the 
generation,  of  protective  immunity,  and  is  the  demonstration,  of 
antigenic  difference#  between,  different  isolates  of  the  same 
speciee  of  malaria  parasites  sad  of  antigen! o  variation  within 
■trains  of  parasites*  Identification  of  the  protootivo 
immunogene  will  speod  the  development  of  a  safe  vaccine. 

There  is  as  urgent  nead  far  as  in  vitro  test  which  would 
give  an  accurate  indication  of  tho  kevol  of  realstanoo  to 
relsf eatlan/ infection,  particularly  to-  P.  faloioarum  is  ndividuale 
living  is  malarious  areas,  where ,  for  example,  control  programmes 
have  been  initiated,  and,  is  the  future,  is  vaoelsated  individuals  • 
Resistance  to  relsf eotian  will  isvolvo  one  or  both  of  (l)  the 
level  of  antlperaeltlo  activity  pros  an  t  at  the  time  of  reinf  eotian 
and  (2)  the  rate  at  which  the  imssmological  memory  responds  to  the 
parasite  and  restimulatee  protective  insanity.  Tho  growth 
inhibitory  activity  is  vitro  of  serum  from  individuals  may  provide 
a  mas  sura  of  ( 1 ) ,  although,  this  is  opes  to  doubt*  Recent  work, 
is  our  laboratory  baa  shows  that  secondary  antibody  responses 
to  P.  ohnbaudi  by  spleen,  and  peripheral  blood  mononuclear-  cells 
oes  be  induced  Mertorook  chambers  and  that  the  level 

of  the  in  vitro  antibody  response  refleots  the  ability  of  the 
donor  mice  to  control  a  challenge  inf  eotian.  A  measure,  therefore  i 
of  the  secondary  antibody  response  to  P.  falciparum  in  vitro  of 
peripheral,  blood  leukocyte#  from  patients  could  provide  as 
indicator  of  tho  level  of  immunological  memory. 

Malaria  research,  is,  at  the  present  time,  still  progress 

Perhaps  the  initial  optimia,  that  a  vaccina  was  round  the  comer 
which  followed  the  promise  of  the  experimental  vaccination  of 
nonkeyn  with  meres oitse  and  the  suooeaeful  continuous  culture  of 
P.  faloinarun*  has  not  been  fulfilled.  Nonetheless,  the  continued 
Importance  of  malaria  am  a  killer  of  babies  end  infants  and  of 
nartaJLlty  is  all  age  groups  is  many  developing  countries  is 
sufficient  stimulus  to  continue  work  towards  methods  of 
ameliorating  the  disease  and  its  oonaequanoea .  I  and  ay 

oollsaguss  are  grateful  to  the  V*S.  Army  for  allowing  us  to  be 
part  of  that  effort. 
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